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Original Communications 


Symposium on Endocrinology of Neoplastic Diseases 


svMPnsin.Ar ox EXixxRuxoiiOO’v of Xi-:(JPLA.STJC 

diseases 

iNTHODrcTION' 

Okay II. Twomui.y, M.D.. and Gi:omji; T. I’ack, M.I).. Xkw Yohic, N. Y. 

in OR THE iiKlividiinl wlio is jis wnfamilinr with the field o£ endo- 
A crinolojiy as tlic avernso .sur}ro(»» is apt to he, llie rolalionslii]) of hor- 
nione.s to caneor is a ooiifnsin<r one. Jii.s-I the namc.s of tlie preparations 
one reads in the euvixml medical journals arc a]d. to sive one a hopele.ss 
feeling hy tlicir multiplicity and mixed etymologies. 

Articles appear from time to time do.scribing the production of can- 
cer in experimental animals with hormones, observations which are dis- 
turbing to the doctor who want.s to nse tlicm for hi.s ])afient. Is he apt 
to produce a cancer if he treats the ooj)horectomizcd woman for her 
.subsequent liot flashe.s? 

Occasionally he is a.skcd to see a patient suffering from a strange set 
of .sjTnptoms which arc inexplicable until they are seen to fall into a 
reasonable pattern Avliich, considered as tlie effects of too mucli of one 
of the hormones, is the result of a functional tumor of one of the endo- 
crine glands. Such tumors are apt to be very rare and most of us are, 
in consequence, eon.siderabl.y puzzled when we meet with a patient Avho 
harbors one. 

Recently, with the work of Huggins and co-Avorkers^ on carcinoma 
of the prostate, the indication for treating cancer with hormones has 
become an interesting possibility. The surgeon Avho has done his best 
to remove a cajicer of the breast by radical mastectomy and then tinds 
himself confronted a fcAV years later Avith the distressing spectacle of 
multiple painful bone metastases cannot help but Avish that hormone 
injections could be given Avhich Avould bring the almost miraculous relief 
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that is seen in metaslatie cancer of llie prostate treated by castration or 
with diethylstill)estrol. 

In an attempt to In'inji together the answers to tliese cpicstions of 
what hormones there are, which ones produce cancer in animals and 
wiietlier they ])roduco cancer in men and womeri too, Avliat rare symptom 
com])lcxos arc due to functional tvnnors of the endocrine glands, and 
whetlier cancer can he ameliorated or cured I)y liormoncs, we have col- 
lected the articles in the subseciucnt symposium. Perhajis the l)est form 
of intrqdAiction is to present in as simjdc a form as po.ssible the scientific 
names of the hormone.s which have been isolated and characterized in the 
laboratory, and to indicate in a table the many trade Jiame.s for the 
commercial prejiarations available. (Table I.) 

The ])ituitary gland, the conductor of the glandulai’ orchestra, pro- 
duces many hormone.s, all of which as far as we know are proteins. They 
affect and control the thyroid (th.vrotropic Jioi’mone), the gonads 
(gonadotropic hormones), the adrenals (ndrenotropic hormones) the 
pancreas (diabetogenic hormone), growth (growtJ) hormone), lactation 
(lactogenic hormones), water balance (intermedin), blood pressure 
and smooth muscle activity (vasopressin), and uterine motility (oxy- 
tocin). Two of the anterior pituitary hormones have been obtained in 
pure form,- and the last two, oxytocin and vasopressin from the posterior 
pituitarj', can be separated completely from the anterior pituitary 
hormone. None of the pituitaiy hormones has been shown to be im- 
portant in the etiolog}' of cancer except secondarily (that is, cancer of 
the breast will not develop in a mouse hypophysoctomized in infane.v 
because it has little or no broa.st tissue).^ The absence of these hor- 
mones seems to slow up the growth of cancer but does not prevent it 
altogether.'* The injection of these substances seems to have no effect 
on the fomation or growth of cancer.-’ Perhaps this may be partly 
due to the fonnation of antibodies or antihormones" when they are in- 
jected for they are commonly prepared from the glands of animals other 
than the species being tested. For instance, sheep and cattle are the 
source of most of the commercial preparations while rats, mice, and men 
are the animals bearing cancers which might be used to test their effects. 
Tumors of the pituitary give weird clinical pictures such as gigantism 
and acromegaly Avhen the tumor is made up of cells producing growth 
hormone, Cushing’s disease when the cells produce gonadotropic hor- 
mone, or infantilism or Sinmionds’ disease when the tumor presses 
upon and causes atrophy of these cells. The hormones of the pituitary, 
then, so far as Ave knoAV noAV do not cause or control any form of can- 
cer but may be useful by their effects in diagnosing tmnors of that 
gland. 

The same may be said for the thyroid and the adrenal glands. Hoav- 
ever both of these organs produce substances Avhich have been isolated 
in pure form. Tlyroxin appears to be the active principle in tliyro 
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globulin niul from llie udronjil flinv storoids, rortirostorono, .17-hydroxy- 
corlicosterono, ond desoxyrortirostorono. as woll as (!piuo])hriuo from Iho 
adrenal medulla, have been isolated. None of tliese substajiees lias been 
implieatod as yet, either in the formation or treatment of eaneer. Tly- 
pevthyroidism may result from metastases from a funetional tumor of 
the thyroid.' Tumors of the adrenal are ajit to give a Pushing syn- 
drome and to produee large (juantities of 17-kelos1eroids in the urine. 
The suggestion has been made that this 17-hetosteroid exeretion is 
ehanged in eaneer patients, but .iust how and why is still under in- 
vestigation.^ 

The hormones about whieh the nio.st is known as to both ehemieal 
structure and eareinogenieity are those of the ovary and testis. The 
ovary ]iroduccs two ]irineijial steroids, known as estradiol and ]U‘ogcs- 
tcrone. Estradiol, the structure of which is woll established, is broken 
up and excreted in the urine as organic salts of estrone and estriol. 
Estradiol has been under .sus])icion for the last, few years as a possible 
earemogeu because its in.iection into laboratory animals is followed 
by the formation of various kinds of carcinoma. In male mice it ap- 
pears to produce carcinoma of the breast in susceptible strains.” It 
produces Leydig cell tumors of the testis in males of the Strong A 
strain.'® It produces a cancer of the cervix in mice," a tumor wliicli 
does not occur in this species spontaneously. In guinea pigs it eauscs 
the formation of fibrom.a-likc nodules on the uterus and in the walls 
of the gastrointestinal tract.’” Gardner and his associates''’’ have proved 
recently in rather conclusive fashion that the incidence of Ijanphosar- 
eoma in mice injected with this material is definitely increased. 

The meaning of these observations is olrscure. It is probable that in 
male mice the appearance of cancer of the breast after the injection of 
large quantities of estrogens for a long time is the expression only of 
the development of considerable amounts of breast tissue b 3 - the hor- 
mone in animals bearing a more proximate etiologic factor, a virus found 
in the milk of susceptible mothers. When no breast tissue is present no 
cancer can develop. If breast tissue is produced with estrogens, sus- 
ceptible animals can grow cancer in the tissue so developed. '•* That 
estrogens are not of themselves carcinogenic but rather that cancer de- 
velops secondarily in stimulated tissues is suggested by the fact that the 
synthetic estrogens seem to work as well as the natural steroids although 
their chemical structure is entirely dissimilar. The cancer-producing 
effect is not one that can be reproduced in all species, as evidenced by 
the failure of estrogenic treatment of guinea pigs and monkeys'® to 
cause cancer. 

Can estrogens Cause cancer in women? Several authors think they 
have detected such a relationship'®-'® but the cases are rare and isolated 
and the evidence circumstantial. In these days when few women can 
complain of menopausal symptoms without receiving large amounts of 
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EXDOCKIXE GLAKD 

nORMOXE 

COilMERCIAL 

I'REPAHATIONS 

Anterior pituitarA- 

Growth 

Gonadotropic 

Thyrotropic 

Lactogenic 

Adrcnotropic 

IVafer balance 

Growth complex or factor 
Phyone 

Antuitrin G 
‘Phybentrone 

Polyansin 

Antuitrin gonadotropic 
Gynantrin 

Prephysin 

Thyrotropic factor 

Prolactin 

Polyansin 

Antuitrin 

Intermedin 

Posterior pituitary 

Oxytocic 

Pressor 

Pitocin 

Oxytocin 

Pitressin 

Vasopressin 

Placenta 

Chorionic gonadotropic 

A. P. L. 

Anterior-pituitary-like 

hormone 

Antuitrin S 
*Follutein 

Anteron 

Entromonc 

Gestasol 

'Korotron 

Pregnyl 

Pranturon 

''Sjmapoidin 

Antophysin 

Probably placenta of the 
pregnant mare 

Pregnant mare’s serum 
— gonadotropin 

"Gonadin 

'Gonadogen 

ThjToid 

Thyroxin 

ThjTOxin 

Thyroid, desiccated 
’‘Thyroid extract 
’'Proloid (contains thyro- 
globulin) 

*Endothyrin (tliyroglobu- 
lin) 

Adrenal medulla 

Epinephrine 

Epinephrine hydrochloride 
Adrenalin 

Suprarenin 

Supranephrin 

Epinine 

Adrin 

Adrenal cortex 

Desoxycorticosterone 

Corticosterone 

1 7 -Hydroxycorticost er- 
one (Compound E) 

’‘Cortate I 

Percorten V Synthetic 
’'Doca j 

’‘Adrenal cortex -i 
extract 

*Eschatin i 

’'Corticocorbate ' 

Cortin 

*Cortalex J 

(None on the market) 
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COM Mn:('i \ii 

r.\MK)( liiNi* Cl \Ni) 

lIOItMONI. 

I’ltn’AKAlIONS 

Ovnry (follicle) 

INtrailinl 

•piintMifonnon 


*l’rop>non DII 
‘I’rogynon 31. 
•Di-ovorvlin 
•IMiiiyr (Mcdi.vl- 
rvtniiliol) 



INtrone 

Estriol 

Mixtuu". of the al)o\e 
and related Mil)‘‘laiiee‘- 
deri\ed from urine 

(Syntlictie p'.tiogen'i) 
])iotliylstill)e«(rol 

Ho.\ostrol 

•Pieinarin (sodium estrone 
Puliiliate) 

•Tbcehn 

•Eminenin (e'-triol glycur- 
onidc) 

•TIicclol 

•Ainniotin 

*33slrogcnic bormones oi 
substances 

Pollaero 

Menformon 

3'oleslrin 

“Estronionc 

*Urcstrin 

*3'>lrogcns 

'Stilbesfrol 

•Dietlijlstilbosliol 

"Estiobonc 

•Iloxcslrol 

*He\ital 

OMirj (roriius lulouiii) 

Pi ogostet one 

•J’logestin 

Ijipolutcin 

I’rogest crone 

Progestono 

*Proiuton 

*lAitocyliu 


Pregncninolonc 

*‘]’rogestoral 


(Anlivdro livdroxy- 

*Pranone 


progesterone) 

(lias panic efTcct as pro- 
gesterone but is cl- 
Icctivc by inoutli) 

*Lutocylol 

Testis 

Testosterone 

‘Oreton 

’*Orcton-M 

*Pcrandreu 

*Noohonibrcol 

*Mctandren 

Pancreas 

insulin 

Insulin 

Iletin 

Piotainine zinc insulin 

Pai athyroids 

Paiathyroid 

Paiathormone 

Paroidin 


•These compounds have been advertised m the Jouinal of the American Medical 
Association, Surgery, Gynecology and Obstetiics, Endocrinology, oi Jouinal of Clini- 
cal Endocrinology m tlie last six months. 


estrogenic hormone from their doctors, it would seem that cancer of 
the breast would occur more frequently after such medication if the 
drugs were really carcinogenic in the human species. We must con- 
clude then that while estrogens undoubtedly cause certain kinds of can- 
cer in mice, the assumption that they may do so in man must be labeled 
“not proved” for the present. 
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Progesterone, the other ovarian hormone, has never been implicated 
in the production of cancer in men or animals, although some years 
ago one of us (G. H. T.) observed that animals Avhich had rcceh’-ed 
multiple injections of this material seemed to develop an unexpected 
number of sarcomas. 

Estrogens are elaborated by granulosal cell tumors of the ovary so 
that their effects, such as premature puberty and menstruation, or post- 
menopausal bleeding, may betray the presence of tiie parent tumors. 

Estrogens are of particular interest at present because of the marked 
effects they may haA'e on carcinoma of the prostate. It is really astonish- 
ing to see a patient suffering unbearable prolonged pain from metastatic 
prostatie cancer in bone lose all his pain, regain his appetite, and in- 
crease ten or fifteen pounds in Avcight under the influence of these 
di’ugs.*® Unfortunately the effect is not ahvaj's prolonged, as in one- 
third to one-half of the cases it Avears off in eight to ten months. 

Little can be said of the relationship of testosterone and cancer save 
that it oeeasionallA- causes premature puberty and virility and the in- 
fant Hercules type of child Avheu elaborated in excessive ciuantities by 
a functional interstitial or Leydig cell type of tumor.=° The same 
tumor in an adult caiAscs no noticeable bodily change. Testosterone, 
by its lack folloAving orchiectomy, is thought to influence the groAvth of 
cancer of the prostate. Its administration to imticnts AA'ho have can- 
cer of the breast Avith bone mctastascs seems to cause a more rapid 
absorption of calcium and a consequent rapid groAvth of tumoi',“^ al- 
though it does seem to relieve pain perhaps by raising the blood calcium 
level. 

These, then, are the principal hownones elaborated by the body. 
Their etiologic relationship to cancer is obscure and has been dem- 
onstrated only in laboratory animals. While Ave have no proof that any 
such connection exists in man betAveen hormones and the formation of 
cancer, the possibility that such could be the case rests so strongly 
in the mind that one finds oneself pi’escribing estrogenic therapy less 
and less frequently and then only in cases Avhere there is clear indica- 
tion for its use and preferably in those cases Avhere this use can be con- 
trolled in amount and the patient folloAved and examined from time to 
time for the possible presence of cancer in the breast or uterus. 

It is surprising hoAV many Avomen seem to get along just as Avell Avith 
mild sedatives and suggestion as Avith potent and possibly cancer- 
producing hormones. 
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TUMORS IN EXPERIMENTAIi ANDIALS RECEIVING 
STEROID IIOIUVIONES 


W. IT. Gardxkr, Pii.D.,® Nkw ITavks', Conn. 

(From the Department of Anatomy, Yale University School of Medicine) 

A CARCINOGEN ir>ip;ht be defined as any sulistance or agent, 
ehemical or physical, which when applied iinder certain condi- 
tions is followed by the appearance of tumors which would not have 
appeared otherwise. Estrogens would be carcinogenic if classified ac- 
cording to this definition. Perhaps they should be so classified — or 
perhaps the definition .should be so modified as not to include the e.stro- 
genie chemicals presumabl.v capable of origin within the body. It shall 
be the purpose of the present review to summarize a portion of the 
experimental studies on the relation of estrogens to carcinogenesis.^ 


OEXERAL OBSERVATION'S 

Estrogens wei'e first determined biologically by their capacity to in- 
duce growth and eornification of the vaginal mucosa of rats and mice.” 
The other genital ti.ssue.s of ovariectomized females also showed hyper- 
plasia and hypertrophy following the injection of estrogens^ which might 
be characterized superficially as growth-stimulants of specific tissues.'* 
In the absence of estrogens or of the ovaries, which are associated inth 
their elaboration, the genital tissues remain infantile or become atrophic. 
The nature of the process whereby estrogens affect the hypertrophy of 
the genital tissues is unknomi. The absence of trophic manifestations 
of estrogens on in vitro preparations of genital tissues indicates a lack 
of direct action on the tissue cells. Vaginal or uterine tissues grown in 
eultui’e in the presence of estrogen showed no evidence of stimulation.” 
The trophic stimulation in the genital tissues may be elicited b5' vas- 
cular changes in these organs.® Their stimulation of aU genital tissues 
except the mammary glands in h3T)oph3'sectomized animals indicates an 
independence from the growth-stimulating properties of the h3’^poph3"sis. 
Although man3’^ attempts have been made to determine how genital 
gro'wth is affected b3' estrogens, it can be said with an3’ certaint3" onl3' 
that “this is what happened when the animal was subjected to this treat- 
ment. ’ ’ 

The growth-stimulating activity of ovarian hormones was probably 
responsible for their original association with the initiation of cancer. 
jrammar3’^ cancer in mice is sex-limited; under normal circumstances 
males are not affected."’ ® Ovariectom3- at early ages decreased, and 

Received for publication, Oct 2, 1943. 

•The investigations undertaken by the writer and mentioned in this review have 
been supported by The Anna Fuller Fund and The Jane Coffin Childs Memorial Fund 
for Medical Research. 
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reproductive activity increased, the incidciieo of inaniinary tumors in 
mice of certain iid)red lines hut not of oilier lines.’’’” Suhscfiuently, 
strains of mice were developed which showed, within eacli strain, con- 
sistent, hut anions the different .strains, varyinp: incidences of mammary 
Uuuovs.'-’ Leo Loch prohahly (ir-sl e.vpressed the influence of hor- 
monal factors in cancer in e.\i>erimental animals hy the formula : nenetic. 
or inherited factors plus inti'rnal .secretions give mammary cancer. 

An almost univer.sal characteristii- of female rejiroductive jihenomcna 
is its cyclic or rhythmic nature. Periods of iiroliferation and hyper- 
trophy alternate witli periods of alroiihy or rcfrre.ssion during the dif- 
ferent phases of the estrous or menstrual cycles. This generalization 
might afford a meclianism protecting against too great or jirolongcd 
trophic stimulation.' Tlic genital tissues were at lea.sl capable of rc- 
sjionding when periodically stimulated. Under experimental conditions 
could the .stimulation he more or le.ss indefinitely ])rolongcd? What 
would ho the character of the rc.sponse under such conditions? Finally, 
would any relation exist helwcen an accentuated or })rolongcd trophic 
stimulation of specific tissues and the a.ssumiition of the quality of un- 
restricted or malignant growth hy these tissues? Attempt.s to obtain 
answers to these questions undouhtcdly ])romptcd the ex])criments to 
he summarized. 

Investigations in which mice have been used have contributed most 
extensively to the knowledge of hormonal factoi’s in carcinogenesis. 
Geneticists observed many years ago that certain inbred lines or groups 
of mice showed a high incidence of .spontaneous mammary adenocar- 
cinoma in females. Further inbreeding and selection has resulted in 
the existence of several inbred strains in whicli mammary tumors have 
appeared for manj" successive generations.”* Among mice of other 
equally or nearly equally inbred strains, mammaiy tumors appear with 
less frequency, and in still others they rarely occur. It is but natural 
that such Avell-eontrolled material should he used in a study of factors 
influencing the incidence of cancer. 

Ovariectomy and Mammary Cancer . — The ovaries have been asso- 
ciated with the development of the mammary glands for man}^ years.” 
The possible relation of these glands to mammary cancer was investi- 
gated by their removal or by their transplantation into males of the 
same strain.” Ovariectomy of mice at ages of 3 to 5 months largely 
inhibited the occurrence of mammary tumors. The incidence of such 
tumors was greater in mice ovariectomized when 5 to 7 months old and 
was not altered in mice ovariectomized at later ages.'^ These observa- 
tions have been confirmed in their essential points by other investiga- 
tors,'®’ 11 although the ages at Avhich tumors did not appear subsequent 
to castration varied. 

An exception to the usual observation that ovariectomy at an early 
age prevents the appearance of mammary tumors in mice has recently 
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been reported, but it need not alter the inference that the removal or 
reduction of ovarian hormones reduces the incidence of mammary cancer. 
Slice from two strains, ovarieetomized wliile very young, developed 
mammaiy tumors many months later.’’ These mice showed eitlier a 
marked hypertrophy or tumors of the adrenal glands, and tlieir acces- 
sory genital organs sliowcd evidence of estrogenic stimulation. Similar 
observations were made on liybrid mice ovarieetomized when about 2 
months old.”’ Slale mice, which normaHy are not subject to mammary 
tumors, showed such lesions wlicn they were castrated at a very early 
age.isd It might be concluded that the disturbance of the endocrine 
system created by a gonadal deficiency results in the alteration of 
adi'cnal function and morpliolog>' and frequently the acquisition of 
adrenal adenomas or even carcinomas. Tlicse altered adrenal glands 
compensate in part for the removed ovaries, the mammary glands are 
stimulated, and mammary tumors appear. In my opinion these experi- 
ments are uniquely significant in that they demonstrate the nice balance 
which must exist in the normal animal and liow ])rolonged alteration 
of this balance may slowly alter other functions materializing in pro- 
found changes which may in some ways even overcompensate for the 
initial deficiency. Similar adrenal lc.sions have been described in cas- 
trated guinea pigs, although in this species the hosts were masculinized.” 

Ovarian Grafts and Ma^nmarij Tumors. — The second surgical ap- 
proach to the problem of ovarian hormones in mammary carcinogenesis 
has likewise given equivocal rcsult.s. The transplantation of ovaries 
into male mice of the same strain led to the appearance of mammary 
tumors in some of the recipients.”’ The incidence of such tumors 
was not high but approached that of virgin females of the same strain.” 
Jklale mice of other strains in wliich the females are susceptible to mam- 
mary tumors did not acquire mammai’j' tumors after ovaries had been 
grafted into them.’®’ The grafting of a female animal to a male 
(parabiosis) did not result in mammary tumors in the male.®’ The 
later experiments create a more complicated endocrine relationship than 
the transplantation of ovaries. Slice which had ovarian tumors subse- 
quent to x-irradiation showed a much higher incidence of mammary 
tiunors than mice in which ovarian neoplasia did not occur.®® 

Other Methods of Investigation of Ovarian-Mammary Tumor Prob- 
lem. — Two more or less direct meth.ods of experimentation were afforded 
at this point to investigate Iioav the ovary or its hormones might be 
related to mammary carcinogenesis. In the first place the possibility 
of an excessive production of ovarian hormones in mice of the tumor- 
susceptible strains or lines could be investigated. In the second place 
additional or excessive amounts of honnones could he added to mice 
of the different strains and the incidence of tumors observed. 

Studies on Estrogen Levels in Mice of Strains Which Differ in Stiscep- 
tibility to Mammary Cancer. — The hormonal environment to which mam- 
malian tissues are exposed might be estimated to some extent bj- study- 
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ing the eoiniiaralivo reprotincfive capacities (if animals of lumor-sns- 
coplible or rcsislanl frroipts. by comparing" the mammary f^lands, or 
vaginal cstrous cycles. Direct estimation of the elimination of .se.x lior- 
iuonc.s in animals of riiffori'nf .strains can also bo made. 

In some instances it has been possible to a.ssnciate evidence of excc.s- 
sivcly prolonged or frequent cstrous ]»eriods vitli the tendency to de- 
velop mammary tumors.-’ When the previously st.-ited observations 
were extended to include mice of several strains, flio correlation no 
longer existed.^* Itlice of different strains had cstrous cycles which 
tended to differ from each other in the length and frequency of estnis, 
but tins was not nece.ssarily i-elatcd to the tendency to acquire mammary 
tumors.-’’ No differences wore detceted in the cstrous rhythm, age of 
onset, or age of cessation of o'sirns of other low- and liigh-tumor strains.^'' 
The mammary glands might also afford .some indication of the, hor- 
monal environment. Several investigators have noted difi’erenees in the 
mammary glands wliieh they a.ssociated with the tendency for certain 
strains to acquire mammary cancer.-' TJie.se difl'crences in morjihology 
involved essentially the lu’cscncc of localized areas of alveolar tissue 
described by Ilaaland.^® When the glands of young-*' or old mice’’® of 
ten and six strains, resjicetively, were conqiared, the differences in gen- 
eral mammary mor]ihology could not be a.ssociated with the tendency 
to acquire tumors. Strain diffei'cnccs did exist, however.®® The mor- 
phologic aspects that could be associated with the tendency to acquire 
mammary titmors involved the spocifie proliferation of localized nodules 
of mammary tissue in otherwise atrophic glands. “The presence of 
localized proliferation of mammary tissue in animals from strains sus- 
ceptible to mammai’j' cancer, while the rest of the gland was in a stale 
of regression or inactivity, indicates that various areas of the gland 
show different growth responses in the ])i’esenee of a supposedly uniform 
environment. The importance of localized nodular areas in otherwise 
involuted glands is indicated by their frequent occurrence in strains 
liable to progressive adenomatous and malignant change. The early 
appearance of hyperplastic nodules, their numbers, and their valuable 
structure suggest a progressive series of abnormal changes in the mam- 
maiy parenchyma leading to malignancy.”®® The extent of involution 
or proliferation of the internodular areas was not related to mammary 
tumor susceptibility. Eecently one group of investigators who observed 
a greater abundance of alveolar elements in the glands of a high- (dba) 
than in a low-tumor strain of mice noted that the tendency was trans- 
mitted by the female in hybridization.®* “There is a strong positive 
correlation between the architecture of the mammary glands in different 
types of mice with regard to the degree of its disposition for cancer.” 
Other morphologic features of the mammai’y glands were of intermediate 
prominence in the hybrids irrespective of the maternal parent. Similar 
observations have been made in another laboratory when the mammary 
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glands of mice of llic dba .strain were conipai'cd with mice of the C.„ 
strain.^- Exi)eriments involving reciprocal hj'hridization of other high- 
and low-tumor strains failed to reveal signiticani differences in the gen- 
eral mammaiy morphology, allhough the localized hypcj’pla.stic nodules 
wei'e largely ti’ansmitted by the female parent.®' The observations on 
the comparative morphology of the mammary glands of mice of strains 
showing different .suscej)tibilitic.s to .spontaneous mammary tumors are 
not in agreement. The winter’s observations indicate no I'elation of gen- 
eral mammary struct.ure to tumor susceptibility as contrasted to the ob- 
servations of two other investigators. 

Repi'oductive liislories have been recorded for mice of sevei'al inbi'ed 
strains presumably maintained under rather unifoi'in conditions.®^ 
Striking strain differences liave not been revealed which could be asso- 
ciated witli the tendency to acquire cancer. In some strains vii'gin 
female mice frequently acsgiire mammary tumors" and fre(|uent preg- 
nancies maj* increase the incidence in mice of low-tumor strains.®” 

Recently studies have been conducted on the urinary elimination of 
estrogenic substances from mice of the high- and low-tumor strains®' 
and also of the capacity of hej)atic tissues of these mice to inactivate 
estradiol.®*’ These studies have not I'cvealed significant differences that 
could be associated with susceptibility to mammaiy cancer. 

!Mice of several inbred st rains showed some variation in their response 
to minimal amounts of estrogen. One investigator attached little sig- 
nificance to the slightly greater rc.sponsc of the low-tumor CBA mice 
than of the high-tumor A mice.®” Another group compared the vaginal 
re.sponse of (Jr,- and dba mice and found that the latter required nearly 
three times as much hormone as the loAV-tumor mice and that hybrids 
needed intermediate amounts, but resembled the low-tumor C„ strain 
more closely than the dba strain. The females Avhich had genital organs 
least susceptible to estrogens were considered to iiroducc the largest 
amounts of hormone under normal conditions. The ovaries of mice of 
the dba strain were larger than those of Cr- mice.®'® The mice of one 
inbred strain (CBA) showed less uniformity of response of the vaginal 
e])ithelium to estrogens than market mice of variable origin.'*" 

These observations might be summarized as follows: (1) The strain- 
limited tendency of mice to accpiirc mammary tumors cannot be asso- 
ciated consistently with evidences of an abnormal intrinsic hormonal 
environment. (2) The mammaiy glands of susceptible mice may or may 
not be identified from those of low-tumor strains by their general mor- 
phologic characteristics but they do shoiv localized areas of hyperplastic 
epithelial tissues rarely found in the glands of mice of low-tumor strains. 
The latter condition can be associated with the tendency for mammaiy 
tumors to appear and, as will be discussed later, may represent early 
stages in the assumption of malignancy. 

Rats and rabbits of some strains or groups acquire benign or malig- 
nant mammaiy or uterine tumors. These tumors appear among animals 
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slHiwiiifi: t'vidoiKH'S of an .'iIU'ihmI i'i‘pr<«hi(’liv(' (■aimcily or pri'si'iiliii'^ a 
irlaiitlular syinlroiiu'. Tlu* In’nitin maimnary luninrs in rats of llic Al- 
bany strain orrnv in animals slmwiinr a bi”li inridrnro <»f storilily. irrctr- 
nlarilios of ostrons' oyrlrs. ainl a (oinloin’y )(• liavr liyuopliysoal adi'- 
nomas,'" 

Tim mammary'- and ntvrino Ixunors'" in rabbits oci-urrod in animals 
which at soiin' time had toxemia of pn'j-’nancy" ami had acfjuirod a jicr- 
sistcnl hepatic damauc. Associated witli this condition wt'ro dcireiicra- 
tive lesions in the adrenal cortices and hypophyseal hyt'crtrophy.''- The 
•renilal fi.ssues showed jirolon^cd ])eriods of iicticral hyperplasia, pro- 
•rrcssiiijLr to benifni neoplasia and finally malitniant tumors. 

Studies of these types are of iircat interest. In .some ways they eon- 
tribute. much more than ex))eriments in which one or more .se.v hor- 
mone.s arc adminisli'rcd. Kucb ob.servations must be made in many 
animals so that the possibility of their etioloi.d<“ relationship or concom- 
itant nature can be evaluated. 'J'he rats and i-abbits mentioned are 
representatives of selected impulations. 

Expcvmoifal Alliroliou of ICslrou.'t Curies . — The endocrine sy.slcm 
may be profoundly disturbed by c-xpcrimental manipulation. The re- 
moval of the jrreatcr part of the ovaries of .iruinea ]>iy.s has resulted in 
a disturbance of the mu'ad-hypophy.scal relationship and e.xee.ssive 
uterine hyperplasia in <ruinea pi*!^.'''' The jiarlial destruction of the 
ovai'ies by x-irradiation also resulted in a ce.ssation of the e.strous eycle.s 
and evidence of cxce.ssive ovarian activity."'' The ovarie.s of the guinea 
pi.ETS were largcl.v comimscd of interstitial ti.ssuo. Tlio cstrous cycles of 
vats" and mice'® may be ]iermancntly altered if testes of littevmates are 
grafted into them shortl.v after birth. The mice showed a inarke<l 
hypertrophy of their genital tracts and prolonged periods of cslrus. 
The reproductive activity of rats may be profoundly and permanently 
altered by brief treatment with cstro.gens or androgens before the fif- 
teenth day after birth.'” Some of the animals had uterine lesions similar 
to those attributed to chronic estrogenic treatment.'”'’ 

These experimentally produced "syndromes” probably all result from 
an altered endocrine balance Avhich destroys the capacity for the 
rhythmic characteristics of female reproductive phenomena. The amount 
of estrogenic substance effective Avitliin the body is probably not ex- 
cessive in amount but the tissues are stimulated continuouslj’’ and are 
not permitted to regi’ess. 

Administration of Estrogenic Jlorimnes and Mmnmarg Tumors . — 
The earlier experiments on the administration of estrogens upon the 
appearance of mammary cancer in experimental animals did not reveal 
any detectable carcinogenic effect. Estrogenic preparations were not 
concentrated.'”' ”” Moderate or large amounts of hormone could not be 
administered over prolonged periods. A cystic and adenomatous con- 
dition of the mammary glands was observed which Avas compared Avith 

Reelns rbspn‘?p 



14 


SUKGEUY 


Lacassagne, in 1932, fivsl reported a carcinogenic effect of estrogens 
on the mammary glands, lilnltiparons female mice of one of his strains 
frequently showed mammary tumors, hlale mice never acquired such 
tumors. The injection of folliculin benzoate in oily solution into male 
mice, starting shortly after their birth and continued at weekly intei’- 
vals, residted in mammary tumors. The tumors resembled those which 
appeared among the females, hlammary tumors thus appeared in ani- 
mals in which they would not have appeared had estrogens not been 
administered. 

These experiments might be interpreted in either of two wmys: (1) 
Estrogens direetlj’' elicit abnormal or malignant gi'owth, or (2) estrogens 
merely initiate mammary proliferation so tlial tissue is available to 
undergo malignant transformation. 

Lacassagne''’'^ immediately set about cliecking tliese interpretations, 
hliee from one strain showing a low incidence of mammary tumors 
showed a higher incidence of such tumors after the injection of estro- 
gens. Another strain of mice in which mammary tumoi-s rarely ap- 
peared showed no tumors after the injection of estrogen. 

Lacassagne ’s observations have been confirmed and extended by many 
investigators. Male mice from strains in which the females develop 
mammary cancers acquire such tumors after the injection of estrogens.®® 
In some strains the tumors occur at earlier ages than in the untreated 
mice. The incidence of mammary tumors was not as high in estrogen- 
treated mice of some other high-tumor strains or hybrid groups as in 
multiparous females of the same sti*ains.®® Only in a very few instances 
have mammary tumors appeared among estrogen-treated inbred mice 
of low-tumor strains,®^ or stock mice®® in higher incidences than among 
the multiparous controls. The incidence of tumors was not exception- 
ally high in these latter experiments. 

The administration of estrogens of widely different chemical struc- 
tures such as estrone, estradiol, equilin, equilenin,'”’® and their benzoates 
or propionates, stilbestrol,®' and triphenj-lcfhylenc’'® affect similar mam- 
marj*- changes when administered in amounts that are physiologically 
comparable. This generalization is apparently true for both the capacity 
to elicit the normal proliferation of the mammary tissue®® as well as 
any association Avith abnormal or malignant proliferation. The estro- 
genic hormones apparently do not have any chemical specificity for 
mammary carcinogenesis that cannot be associated with their estrus- 
produeing capacity. 

The estrus-producing hormones hi mice act only in combination with 
factors or “influences” transmitted from parents or maternal parent to 
offspring for mammary carcinogenesis. The incidence of mammary 
tumors among mice from strains showing a high or moderate incidence 
of cancer is usuallj^ increased or tumoi-s appear earlier in the estrogen- 
treated animals than in the respective controls. Mice from strains in 
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Avliich sponlam'<nis iinnnmai'y tumors vavrly apiusir do imt arqnivc or 
raroly acfiuiro surli tumors wiion rstro"«'ns arr admiuistfuvd. Hybrid 
male miro o])taim*d In- rnnsiiii; mammary tum(tr-susc(>])lildc and low- 
mammary tumor strains. avIu'U troatod with ostrourns. havo an im-idonio' 
of oanrrr apj^roarhinir tiiat of ilio malornal .strain.’ ' A similar lond- 
ojicy for the ajtju'arams' of rancor exists amonu: untreated multijmrous 
females of comparable oritrins.'^'' 'I'he tendeiiey to acquire mammary 
1umor.s was transmitted lai-frely lliroui:h the inne.stion of millc durinu: 
the muvsintr period.'’’ V<mn'f: mice born from tumor-susceptible mothers 
but fostered on low-tumor females did not acquire tumors after pellets 
of estrone or c.stradiol benzoate had been implanted.'- The yoini": of 
low-tumor mothers which were fostered on hitrh-tumor females acquired 
mammary tumors when eslro-iens were administered in one exiieriment'" 
hut not in another,'' These observations indic.ate that estrofiens are no 
more than a contributiinj; factor in the initiation of mammary neo]>lasia. 
Althouiih in male mice tlu' estrogens result in sonu' develo])menl of the 
mammary glands, in the alwcnce of which mammary tumors do not 
appear, other factors must also exist in these animals heforo tumors 
arise. 

This conclusion is supported by the ob.servation that mammary can- 
cers appear in male mice from tumor-suscc})tible strains at six to sixteen 
mouths after the last, iu,ieetiou of estrogen.'” The period of treatment 
of such animals must he sufficiently prolonged to assure considerable 
mammary development (eight to twelve weeks). The incidence of 
tumors in such animals is usually considerably lower than in mice con- 
tinually treated with estrogen. 

The amounts of estrogenic hornumes injected have also been studied 
in relation to their mammary carcinogenic actions. Amounts large 
enough to result in optimal growth of the luammary ducts do not ap- 
pear as effective in mammary carcinogenesis as larger amounts.''*' Very 
large amounts were not only quite toxic as far as the animals were 
concerned, hut inhibited mammary proliferation and the incidence of 
mammary tumors was low.*” Within limits, the larger the amonnl of 
estrogen administered the earlier mammary tumors appeared.''® 

Mamimmj Tumors m Esfrocjen-Trcatcd Animals of Other Species.— 
Mammary lesions of several types have been observed in rats given 
estrogens. All of sis castrated female rats which had received 30 yg. 
of estrone daily for 331 days or more, showed multiple mammary cysts 
and one had an adenofibroma.*® Mammary cancer aiipeared in other 
treated rats."® Other investigators observed cyst formation and stunted 
growth of the glands in animals similarly treated."’ 

A very high incidence of mammary tumors occurred among rats 
given pellets or both pellets and injections of estrogens."® In some 
groups most of the animals developed tumors. Among 555 rats treated 
with estrogens, 202 mammary cancers appeared.'® Two animals showed 
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multiple melastasos to the hmgs and lymph nodes. The larger the 
dose of hormone the earlier the tumors appeared.'- Unti-eated rats of 
the same colony did not develop mammary tumors. 

Approximately 60 per cent, of the rats which survived 7 months or 
more and which had pellets of c.stronc imidantcd on the fifth to seventh 
days of life acciuircd mammary tumors after 226 oi‘ moi-e days. The 
tumors were usually multi]fie and grow .slowly although they Avere 
extremely hyperplasic."'* 

IMetastatie growth Avas found in the lungs of one rat bearing a mam- 
mary tumor."' These tumors failed to groAV folloAving tj-ansplantation 
into other animals or into other .sites in the same animal unle.ss the 
hosts had pellets of estrone implanted. The tumors regressed after 
removal of the estrogen and after the injection of proge.stcrone. 

Experiments With Monheps. — The breasts of young male monkeys 
grcAv to morphologically complete tubulo-alveolar glands Avhen estrogen 
Avas administered."® Prolonged periods of treatment Avith large amounts 
of estrogen resulted in “stunted” mammary glands.®" Other obseiwations 
on monkeys given even larger amounts of estrogen, likcAvise, failed to 
reveal malignant groAvth although metaplastic islands appeared in some 
glands." Localized hyperplastic or .secreting areas of mammary tissue 
Avere found in ovariectomized monkeys.'® 

Other Species. — Although large amounts of estrogens have been ad- 
ministered to animals of seA'eral .species, especially rabbits and dogs, 
mammary tumors have not been reported. 

Mammary Changes Elicited in Animals Receiving Estrogens. — It has 
been stated that the mammary glands of adult and old mice of the 
tumor-susceptible strains usually shoAA'ed localized hyperplastic nod- 
ules.-®’ ®®' ®® These nodules varied greatly in structure from small lob- 
ules of alveoli, sometimes secreting, to small hyperplastic adenomas or 
even small adenocarcinomas histologically similar to the larger tumors. 

Similar morphologic changes occurred in the glands of estrogen- 
treated male or female mice of the same strains.®®’ Some of the lesions 
have been compared Avith the microscopic appearance of nonmalignant 
hyperplastic lesions in man.®®’ ®®’ ®"’’ ®® In mice these localized hyper- 

plastic lesions can be said to be precancerous in the sense that they 
have been so uniformly found in mice Avith the tendency to acquire 
mammary neoplasia. The tissues composing these nodules must respond 
to other stimuli, Avhich elicit reactions in the normal mammary tis- 
sues. Many of these nodules are found in stages of regression indicat- 
ing that many are not autonomous. Some of these nodules apparentlj- 
go through several stages of atypical groAvth terminating in adenocar- 
cinoma."®’’ Although mammary cancer may seem to be a local disease, 
the AA’ide distribution of the “imecancerous” lesions indicates that all 
of the mammary tissue or that many areas of mammary tissue may be 
involved simultaneously. 
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Allot lu'i’ of inoi'i'lioloiiie cli.'ni'jt' ocfurniiir in tlu’ nnnnnniry ixliiiuls 
of o.strojron-1vo;ili'<l inii'c is foninl luilli in tin* low- nnd lii|xli-lunior 
inico/-’ 'I'lu' hiriror dncls nini sonio of tlic sin.'illot' dncls and 
alveoli bocoiiK' disfondt’d with a eoncrotion-Iike si'cri'tion. T iio dnclal 
distonlion may ho oxtroino. The opitlu'linm of tin' snrronndintr dncls 
may he ahsont or epithelial cells may snrronnd the si'oretion. A mod- 
erate increase in the snrronndintr fihrons eonneeiive tissue may oeenr. 
The effeets of age and estrogen treatment on the mammary eonneeiive 
tissue have heen studied extensively.'-* 

Suv>mo)';i of KjfcciR of Es^trofirus on Mauunarti Corditocfcncxis . — 
Several phases of the invest ications .inst reviewed indicate, that estro- 
gens may have little direct effect ipion mammary eareinogenesis in mice. 
These might he summarized hrietly as follows: (1) The relative physio- 
logic activity of the different estrogens is a.ssoeiated with the tendency 
for their in.iection to result in the ajipeavnnee of tumors in suitahlo 
animals. (2) Hereditary or transmitted factors dominate the appear- 
ance of tumors in estrogen-treated animals. (3) Tn suitable animals 
mammary tumors can appear long after the last ex])osure to injected 
e.strogons. (4) To these may he added the fact that in mice estrogens 
have very little mammary stimulating activity in the absence of the 
pituitary gland, as will he discu.sscd later. 

On the other hand .some evidence indicates carcinogenic effect of 
e.strogons: (1) "Without mammary glands of at least moderate size 
which develop when estrogens ai*e administered to intact mice, no mam- 
mary tumors appear. (2) Amounts of estrogen adequate for mammary 
proliferation are not necessarily ojitimal for mammary cancer. 

The mechanism Avhereby mammary cancer appears when estrogens 
are injected in .suitable animals is not known. It has been stated that 
“estrogenic hormones do not cause cancer formation because they give 
origin to a larger amount of tis.sue, Avhich thus would bo a more favor- 
able field of attack for the unknown agent rejjresenting the real cause of 
the cancerous transformations. But the hormone leads to the forma- 
tion of ncAv tissue because it stimulates the glands and because it stimu- 
lates the gland tissue it causes the cancer formation. Both increase in 
the amount of tissue and cancerous transformation are therefore the 
result of the same condition, they are coordinated and not subordinated 
phenomena. This might represent one extreme viewpoint. 

There is also sufficient experimental evidence to suggest the 
folloAving theory. Mammary growth occurs in the animals with func- 
tional pituitary glands when estrogens are injected. In the presence of 
some other factor or agent and estrogen, loealized proliferative or pre- 
cancerous nodules of breast tissue appear in glands in which other 
areas may be refractory to estrogens. The appearance of mammary 
adenocarcinoma in and among the localized nodules can occur subse- 
quently in the absence of estrogens. Many of these nodules are re- 
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versible, attaining certain stages of atypical structni'e and regressing. 
If the active growth-stimnlating phase were responsible for the tumors 
the neoplasia might be expected to occur eaidy. Instead, cancer does 
not appear until the greater ])art of the glands have become refractory 
to estrogens. Estrogens may therefore contribixte to the premalignant 
phases of tissue change or to the environment in which these changes 
occur. 

Factors Involved in Mammanj Proliferation. — number of years ago 
it was considered that estrogens stimTilatcd mammarj^ growth but the 
absence of, or limited mammary growth in estrogen-treated hypophysec- 
tomized animals altered this interpretation.” Several theories have 
been proposed; (1) Estrogens mjiy act upon the pituitary causing a 
release of a mammotropin.®- (2) The mammary glands may be incapable 
of response to estrogen because of the other deficiencies existing in 
hypophysectomized animals.®^ ^Yhen progesterone, desoxycortieosterone, 
or prolactin were administered with estrogen, mammary growth oc- 
curred.®®''’ In intact animals the cutaneous application of small amounts 
of estrogen induced mammaiw growth only in the subjacent glands.®®'’’ " 
During the latter part of pregnancy the hypophysis is not necessary 
for mammary growtii.” 

In intact animals of some species estrogen alone wiU result in com- 
plete mammary groYi:!!,'® l)ut in others progesterone is required for 
the development of the alveoli. "Wlien the corpora lutea are active, as 
during pregnancy or ])seudopi’egnancy, alveoli form.®®’ ®® Progesterone 
may induce some alveolar development when administered vuth estro- 
gens.®® 

Influence of Androgens and Other Steroid Hormones When Admin- 
istered Alone or With Estrogcyis. Mammary growth occurred in mice 
receiving several different steroid hormones such as testosterone, an- 
drosterone, progesterone, and desoxycortieosterone when they are ad- 
ministered in large amounts.®' Two of three mice of a tumor-susceptible 
strain which received 100 jig. of estrone and 0.5 to 1.0 m.g. of testos- 
terone on alternate weeks developed mammary tumors after several 
months.®® Also, two females of the same strain given testosterone (0.5 
to 1.0 mg. weekly) from birth acquired mammary tumors. Similar 
results were obtained with larger numbers of mice and with other 
strains.®® 

Testosterone propionate, when administered in very large amounts 
to uniparous C^H mice more than 4 months of age eitlier greatly re- 
duced the incidence or delayed the appearance of mammary tumoi’s.®" 
Smaller amounts of testosterone (1 mg. weeldy) reduced the incidence 
of tumors expected when the injections were started early in life, but 
did not alter the appearance of tumors in multiparous animals.®’ 
Experiments undertaken in another laboratory also indicate that 
testosterone propionate ui very large amounts will decrease the incidence 
of mammary tumors in estrogen-treated animals.®® 
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iIkwo p1as‘<iri{‘4 .' 1 *' LOainlniar in *>1 a* });i j" ? {•^a* i; *> .’•nn ni'i ■ 
almovmal <ivari!i(t fiuiPtioii.' * Tin* in3i*'*ii'*!) of • '‘io 
intai'l friinilo monUryf^. in mhu<* in''tan<*f'. aK'oi'i.'.ti ii niOi 
led to hy\)or\>laMa and nirtajilsisia of tlo* ^•^'r\i<'.!l rlaiol' 1.‘.< o :oj;* 
(lid not {irow jtrourcs-'ivvly auil would u'.cit wian i-o* ■< -t* !'*:;• v. 
in.it'ctod.'"^’ Till* uteri t('ud> d to i>i*«*i>»if' ii-fjai-tor;. at‘<r jitolon"' *5 
Iroatnuint.** 


Atyj»i(*a1 liyporpla'dic or inrtaida'vlii' lo'-ioii'. of iIm’ utijiji' rdnojni:' 
cul'av tissue or of the epilheliai ti'-sui-s of hot!) tin* uttiiis .’Uid ut<!!ti<* 
cervix have hern referred to. The exjierisaenta! woih U!n5« rt:d.< t( v.iU 
he divided on that basis for i»resentation. 

FibrojiiWicular ]{ctirtio ».\. — FibroJnyoinatoiis ovi-ra’rontlis ;t[)|ie;ui*d in 
the suhserosa or myo!iu>ii*iuin of miinea 5 »i*>s ireeivino estroems o'cer 
prolonged periods. Sotne of the tviniors involved the mueosu, ;u»d e\i*' 
•sivc uterine hemorrhage occurred.'’* Similar lesions have In eu noted 
by other invest igjilor.s."'* 

Fihromyomatous tumors tint only occurred on the ntcnis hut aKo 
tlu'onghont the abdominal cavity."'' These tumors tejnh'd to ocenr (>s]ie- 
eially in relation to the me.senlerie.s and jH-ritoijemn of the .stdeen and 
.stomach. They were histologically malignant in that (hey oeeasionally 
invaded the pancrea.s, liver, other viscera, and the hoily wall.’"*’ Their 
site of origin i.s not definitely known hut the peritojieid ntesotheiivttn Ivas 
shown the earliest proliferative lesiojis.''"** The tumoral vciietiou oc- 
curred in both males and females, allliough tnore readily in the latter.'"- 
A large series of normally occurring o.strogens and their esters, a.s well 
as stilbestrol and he.xe.sterol, elicited llte tumorigenie reaction iti guinea 
pigs. The simultaneous administration of ])i*oge.st crone, de.so.'cr-corti- 
costerone, and testosterone prevented the development of ’the tumors.'"’' 
These tumors are not autonomous growtlrs in that they regress when 
estrogenic treatment is discontinued. The term tumorigonesi.s wa.s ap- 
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plied to the process rather tlian careinogenesisd"'* As far as is known 
similar tumors have not been described in estrogen-treated animals of 
other species. 

Benign and malignant epithelial tumors of the uteri of experimental 
animals rarely appear even after the injection of estrogens. Glandular 
overgrowths or glandular cystic hyperplasia may appear after the in- 
jection of estrogens in rabbits’"® and guijiea pigs."’’ The uteri of 
estrogen-treated rabbits undergo progressive aseptic infarct necrosis.’"®*’ 
Septic inflammatory reactions (pyometra), epithelial metaplasia, and 
glandular cystic hyperplasia have been fi’equently described in estrogen- 
treated rats and mice.’®" It is possible that the uterine metaplasia is 
secondary to the septic condition which, in mice, occurs following the 
injection of estrogen.’"’ Glandular cystic hyperplasia has been observed 
in estrogen-treated monkeys,’"® although not consistentlJ^”’ ®®'^’ La- 
cassagne”® described a small utci-ine carcinoma in an estrogen-treated 
mouse. 

Malignont epithelial growths of the uterine cervices of esti’Ogen- 
treated mice have occurred frequently, and atypical hyperplastic and 
locally invasive lesions in this area have been studied extensively. These 
obsersmtions are probably of further significance because carcinomas 
of the uterine cervices of untreated mice occur rarely.”’ 

Three of twenty-seven mice which had received estrogen and cutane- 
ous applications of 1 ;2 ;5 :6-dibenzanthracene for six to ten months had 
cervical carcinomas.”" The largest tumor had invaded the bladder and 
other pelvic tissues."®" At the same time a carcinoma-like overgrowth 
was described in a mouse which had received estrogen (theelol for 
eighteen and theelin for six months) for over twenty-four months.”® 
This tumor had invaded the muscularis and serosa. Similar lesions Avere 
observed among other mice injected with estrone or estradiol benzoate.®"® 
Twenty -six of 235 estrogen-treated mice showed either preeancerous or 
caneerlike lesions of the uterine cei-A'ix or upper vagina.”’ The cervices 
of 128 untreated mice Averc also studied microscopically. Epithelial 
irregulai’ities of the upper vaginas and cervices of both treated and 
control groups appeared more frequently Avith advancing age. The more 
advanced lesions occurred in the estrogen-treated mice. The strain of 
the mice or the tendency to dcA’elop mammary tumors did not alter 
the tumorous response of the cervix. , 

One of nineteen cerAucal lesions Avas observed in a living mouse AA’hich 
had received estradiol benzoate for 319 days, a total of 10,500 I.U.”® 
When this mouse Avas killed the tumor Avas transplanted into other mice 
of the same strain and it greAv progressively. The squamous-celled car- 
cinoma had apparently arisen from the cervix but hwolA’ed the entire 
pelvis and the lumbar nodes. Three carcinomas and tAventj^-four in- 
vasive epithelial lesions appeared among 134 estrogen-treated mice of 
four different inbred strains.”® Four of eight mice AA'hich had received 
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r.striuliit! lii-U/.o:it<' aiul prupioiijsli* NinnillniH imsly liad (‘('vvi- 

val iosidiis. «tf wliirh {\V(i \svn> cniisHlcml itinlifinaiil. 

A hiuh iiH’iiloiu't' of itivjisjvo loMons of llii* ocrvicjil ('i)illi('liuin nroso 
in ostnim-n-lioatcil inico from irronps xvliicli pilrraPvl t'.st ntficiis for ex- 
loiiili'd poriods.’'* Over oO per eeid of ihe foiiy-four mice had em vieal 
lesions af!er !)i<‘y had reeeived Ih.h /•". of estradiol heiiKonIt' wet’lcly for 
one year t>r more. 

Some iiixastifjatoi-s have not ol>^ervi‘d eervieai tumors in estroyen- 
1 rented miee."'" 


Snmmiu'ji of Kjhi is of }'^.\irii(n»s ou lurasivi Kpilhdinl Lrsii,ns of 
iin Cdvix. — Kstmui^ns stimulate urowth of the female ueiiital tissues 
hut the eervieai eaueers wiiieh apjiear after jusdoiiued estroueiiie treat- 
ment arise as loenl pmiiferative lesions in otiieru-ise relatively tjuieseenl 


eervieai areas.”*’ ”” 


Then' is no evidenee that inheritc'd or trans 


mitted faetons or atienls are involved in this neojdastie reaelion. The 
tendeney to acquire eervieai tumors is not associated with the tendeuey 
to aeeptire nuuiunary ttunors. Why the neo]>lastie response of the 
mouse's tienilal tract is limited to the cervix and vaginal fornix is not 
known. The external os has heen most freuuently involved in animals 
with small Ic.sions and presumahly the lamer growths arose at this 
location. 

The mouse's trt'iiital tract with its hieornuate uterus and aalandular 
cervix differs ^really from that (tf primates. 

7'umnrs of (he Tisies in Ksirofii n-Tmiinl ,1/iVf . — Kstrotrcnic hormones 
when admini.slered to male.s usually resulted in a dccnsise in the size of 
the testes. The seminiferous epithelium and the interstitial elements 
were both reduced and evidence of ainli’ofrenie activity decreased or 
di.sap])cavcd.”'’ The fiouadotrojxic hormone in the hypt»]xhyses of such 
animals was decreased.'"" 

The administration of estrogens (etpiilin and estradiol) for pro- 
longed periods resulted in a hyperiroidiy of and an increased number 
of glandular intcr.stitial cells in mice of unknown genetic origin.'''’’ 

In another laboratory this marked hypci’tro])hy of the interstitial cells 
was limited to the mice of one inbred strain, which had I’cceived either 
ostradiol benzoate or equilin benzoate.'"" Three of the mice receiving 
equilin benzoate had large circumscribed areas of interstitial cells in 
their testes. These experiments ''indicate that some estrogenic ehemi- 
eals act upon the pituitary, stimulating the formation of increased 
amounts of hormone (luteinizing hormone or interstitial cell stimulating 
hormone) capable of transforming the interstitial cells. Similar 
nodules were not found in the testes of mice of four other strains 
similarly treated. Burrows described an estrogen-treated mouse Avith 
an adenomatous interstitial cell tumor which showed little of the changes 
of the seminal vesicles and prostate, usually associated with sucli estro- 
gen treatment.'-'' He assumed that the mouse had become refractory 
to the estrogen. 



22 


SURGKRY 


j\Iorc reeonlly leslicixlar tumors liavc been reported in mice of the A 
strain which have received eitlier triplienylctliylenc,’-' estradiol ben- 
zoate, or stilbestrol.'-'’ Those tumors, althouirh composed eliietly of 
large glandular cells, invaded the tunica albuginea and surrounding tis- 
sues and the lymph nodes of tiic lumbar and perirenal regions. jMice of 
a different strain (C) in another laboratory sliowed testicular tumors 
when exposed to estrogens for long periods.’-" Testicular tumors did 
not appear among animals from two other strains given triphcnyl ethy- 
lene or estradiol dipropionatc.’-’ 

The seciuenec of morphologic changes in the testes of estrogen-treated 
mice of the A strain has indicated that jn-ogressive phases of atypical 
cells appear, and that several types (generations) of cells may contribute 
to the same or different tumors.’-’" Testicular tumors have also appeared 
in mice of the JK strain, which have received triphcnylethylene.’-”’ 

The interstitial cell tumors, evoi those which have extended to the 
lymph nodes, apparently elaborate an androgenic substance.’-^' TJie 
seminal vesicles and prostates of animals Avith such tumors may be en- 
larged and filled with secretion in spite of the simultaneous uijeetion of 
estrogens. The tumors grew when transplanted subcutaneously into 
other mice of the same strain when estrogens were injected into the 
hosts.’®’ 

Nodules of interstitial cells have appeared near the hilus of the testes 
of mice of the A strain that have received injections of pregnant mare 
serum for long periods. One testicular tumor appeared in a mouse 
treated first Avith estrogen and then with Gonadin (a gonadotropic 
hormone from mare’s serum).’®® A marked hypertrophy and hj^per- 
plasia of the interstitial colls occurred in mice treated with prolactin.’®® 

Testicular tumors have not been described in estrogen-treated animals 
of other species. In mice they, like the mammary tumors, appear to be 
strain-limited. I'ulike mammary neoplasms the tendency for tumor’s 
of the testes to appear irr the hybrid yoinrg is trarrsmitted by both 
males aird females."® It is irrteresting that the testicular as Avell as the 
mammary and cervical tumors appear after prolorrged stimulation and 
after the tissues have failed to respond irr the usual marrrrer or have 
regressed. 

Male Accessary Glands.~A great marry strrdies have beerr under- 
takerr in which lesions of a hypertrophic or metaplastic type have been 
observed iir the prostates and seminal vessels of rats arrd mice. The simul- 
tarreous administratiorr of airdrogeir largely couirteracted the effect of 
the estrogens. Tirnrors of these tissrres have rrot occurred. The litera- 
ture has been previously reA’iewed’"’ ® and aviII not be repeated here. 

The experiments irr Avhieh dogs arrd monkeys have beeir used, although 
they have not led to the maligrrant groArdhs, are of greater irrterest. 
Daily injection of 800 to 2,000 I. U. of estrone for fiA’e arrd orre-half to 
seven Aveeks resulted irr air eightfold increase in the size of the prostates 
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of yomii: dous.* ' Dotr'; with " fcmiiiiziuji" loslicul.-ir liiinors liml liir^o 
Itvostalos.’'' Tiio. fiiliu'uod initstattN I'onijiitu’d ('xccssivo anioiiitlK of 
fihroimisculav slronia jmd "lands dislcndcd uiili or lined !»y a mcla- 
plaslic slratilied Sfjuamons epidielinin. Tii<> exient of opitliclial meta- 
plasia was invei-sely related to the iihromnsenlar liyperti'ophy. Smaller 
doses of esiro"(‘n fstil best roll redueed the size of the fnnelional or 
hyperplaslie pntstate while laruer doses enlart><‘d it.''’" The hyperpiastie 
prostates deereased in siz.i' following east rat ion. 

The injt'etion of estrone eatisecl a marked hypertrophy of the seminal 
ve.sieles of immature male monkeys. The epithelium of the pro.statie 
utricle, eollimilus seminalis, and cavernous urethra heeaine thickly 
stratitietl.’'’ Tht' prostatie enlartn'ment was laruely attrihutahle to an 
increase of the utricular tissue. 

/’f/uifon/ 'J'umtus Ainontf Kshiuji u-Tirohd Aniutttlx. — A sex diffor- 
ence in the size ami histohtjry of the hypophysis has been d(>.serihed in 
several species.’ *. Amon" experimental animals the eslro”enic hor- 
mones markedly alter the size ami structure of the hy))oi)hy.se.s of rats 
and some mico.' ” 

Altnost simultaneously three diffenmt invest i<>at(»rs de.serihed marked 
hypophy.seal hypertrophy or adenomatous proliferation of the hyjwphy- 
scs in ostrom'u-treated rats or mice.'*' Tin* ehromophohic cells con- 
stituted the "rcater part of the anterior lobes of the enlarfred "lands 
of these nnimals. 

Ainou" mice, spontamsms tumors of the hypophyses rarely oceur.'"'' 
One ehromophohic adenoma appeared in a mouse with bilateral ovarian 
irranulosa cell tumors.’"*' Marked hypophy.seal cnlarjicment I'arely oc- 
curred amon{r ostrotren-treated .stock mice (1 in 079),'^" or amon" c.stro- 
sen-troaled mice of three inbred strains.*’-" The tumorous transforma- 
tion of the liyjiophyscs did not occur in estrojien-t rented mice of all 
strains’’" and could not !)e assnci;ited with the tt'udeney of the different 
strains to acciuiro mammaiy tumors.”' Hypophyseal tumors apjjeared 
frequently only among estrogen-treated mice of one low-mammary 
tumor strain in one laboratory and not among mice of six other strains 
similarly treated.’''- Both male and female mice of this .strain trans- 
mitted the tendency to develop i)iluitary tumors to their offspring.’’’"' 
The tumors appeared more frequently and at an earlier age in males 
than in females and attained sufficient size to force the cranial sutures 
and alter the shape of the head. 

All of the pituitary tumors in mice have consisted of ehromophohic 
cells. The smaller tumors usually i-esemble generalized hyperplasias 
of the chromophobes. The larger tumors, although not circumscribed, 
were made up of more hyperplastic cords of ehromophohic cells and were 
probably adenomas. They may be transplanted to other mice of the 
same strain."" Some of the tumora may be a deep red color and con- 
tain large sinusoids or even hemorrhagic areas. 
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Large hypophyseal tumors also appear in rals receiving large amounts 
of estrogen.''*'’ The vascular tumoi"s "were composed largely of chromo- 
phobic cells with large Golgi nets. The few ehromophilic cells were 
largely degranulated.''’'* Pituitary tumors have been observed in cas- 
trated male rats bearing ovarian graft.s."” 

Small hypophyseal tumore have been observed in a number of un- 
treated rats.'*' These spontaneous tumors have been transplanted into 
other rats but they only grew when placed in older aiiimals which 
were found at autopsy to have tumors in their own hypophj-ses.''"’ 
This observation indicates that thc.se particular tinnors, at least, depend 
upon an environment attained with advanced age, not only for their 
oi’igin but for their continued growth. 

Lymphoid and Ofher Tnmors hi Esirofjcn-Trcaled Mice . — Lymphatic 
leucemia ap]iears frequently in mice of some inbi’cd strains and rarely 
in animals of other .strains.*'*' Lymphoid tumors have appeared in a 
great many estrogen-treated mice at incidences sufficiently higher than 
in the untreated control mice to merit consideration. The implication 
is not made that these hormones arc of etiologie significance in spon- 
taneous leucemia. 

Three mice among 111 given e.stradiol benzoate or estrone benzoate 
died with lymphoid tumors.®-** The.se tumors were transplantable.^® 
Fourteen mice from four different sti-ains developed lymphoid tumors 
when estrogens were injected.''*'"* hlosl of the tumors involved the 
mediastinum. Tumors of this type were not found in untreated animals 
of these same strains. 

Lymphoid tumors appeared in 15.4 per cent (22 of 140) of the 
mice of the C 3 H strain which had received variable amounts of estrogen. 
The tumors involved the mediastinum in nearly all cases and frequently 
many other tissues were invaded or a generalized leucemic picture at- 
tained. A similar tumor occurred in 1 of 203 control mice which had 
received nonestrogenic material or no treatment."*”' The gx’eater num- 
ber of tumors appeared among the groups receiving the larger doses of 
hormone. 

The incidence of lymphoid tumors was also increased among mice of 
another strain when large amounts of estrone were injected'®® or when 
pellets of stilbestrol were implanted.'^** Others have not noted an in- 
crease ui the incidence of lymphoid tumors.®®" 

Why estrogens might increase the incidence of Ij’^mphoid tumors un- 
der such conditions is unknown. Mice treated with x-rays'®' or carcino- 
gens'®® also have she's™ an increased incidence or earlier appearance of 
lymphoid tumors. Estrogens will result in atrophy of thymus'®® and 
probably other lymphoid tissues. Lymphoid tissues are very susceptible 
to x-rays. It is possible that the malignant transformation of the 
IjTtnphoid tissue subsequent to the exposure to the different agents men- 
tioned maj' have some common basis. 
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Otlnr 7'issucs hi Which Tumors llnvi Appeared iu J'JsIrof/ni-Tnaiid 
Animals. — A miinlipr of invest it^ntors linve oliservctl spindlo-eelled s!ii‘- 
eoinns :irisiii}r ji( llie silos of injoclion of oily solutions of (>slro^ons.’ ’* 
Some snrooinns have appeared in niiee reeeivinu nonest rofionie suhslaiiees 
as Avell.’**'' Tlie ineidenee of sueh lunun's Avas low and they Iiave not 
been reported amoiifr iniee bearinji pellets of estrojrens. At Ibis lime 
the sipnifieanee of these observations mij'hl be (pieslioned. 

Female miee of one strain showed a very hich ineidenee of bone 
tumors.’"' The ineidenee was always hiplier amon{i the females than 
amontr the male.s, about To per eenl and ‘20 per cent showiiifr osleofrenic 
tumors at an averam' aiie of 16 to 18 months, resi>eelively. The tumors 
were frequently multiple and ranfied from osteomas to osteoaenie. sar- 
comas. The. administration of estrone increased the incidence of 
bone tumoi's in males and decrea.sed the aiie at which they appeared 
in both .se.xe.s.’" 

The, bones of animals of .some species are "reatly moditied when 
estroprens arc injected. The lotifr bones of chickens and rats may be 
made inereasinprly oi)aquo to x-rays and their loiifritudinal frrowth dc- 
l)re.ssed. In mice the pidx’s arc partially re.sorl)cd and the marrow 
cavitie.s of the lonpr bones become replaced by com))ncf bone.’”" Tlie.se 
cliangos may be ]ireventcd if the androgen, testosterone ])ropionatc, 
is given with the estrogen. 

Although the.sc c.xpcrinients indicate that estrogens may directly or 
indirectly affect the ])rolifci'ation of o.s.scous tissues, osteogenic tumors 
have been rej)orted only by Pyhns and iililler.''’'"’'’'* This Avould indi- 
cate that, as Avith the mammary, pituitary, and testicular tumors ai’is- 
ing in estrogen-treated animals, specific factors or iigents in addition 
to the hormone arc essential. 

The Adrenal Glands hi Bclalion lo E.tpcrhncnial Tumors. — The 
adrenals are affected, ])robably indirectly, by the injection of estro- 
gens.*''^ These glands haA'c been studied extensively in estrogen-treated 
jniceya. is'c. 101 ^ perimedullary degeneration (broAvn degeneration) 

of the cortex occurs in estrogen-treated animals and in untreated mice 
of some strains.’®- These lesions sometimes involved the medullary 
areas and Avere associated Avith the tendency of the mice of strains 
bearing them to acquire mammary tumors.’®" Strain differences in the 
persistence of the X-zone of cancer-resistant and cancer-susceptible 
strains have been observed.""’ ’®" 

The adrenal lesions of estrogen-treated male miee Avere more 
extensive than those of the females and Avere correlated Avith the tend- 
ency to have hypophyseal tumors.®-’® Similar adrenal lesions appear iu 
rabbits Avith mammary or uterine tumors.’"- ” 

Effect of Sex Hormones on Growth of Tumoi's. — Tavo other aspects of 
the endocrine-cancer problem are (1) the influence of hormones on 
tissues after their groAvth is no longer restricted and (2) the effects of 
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growing cancers on tlio ge2ntal tissues or functions. Tlie former point 
is of considerable practical and theoretical significance and will be 
discussed. It has been mentioned that some tumors of the testes and 
hj'pophyses were transplantable only in estrogen-treated animals such 
as the animals in which they arose. These tumors might either depend 
on the liormones for their stimulation or directly or indirectly, for the 
environment created by the hormone. Greene'-"*^ has emphasized the 
acquisition of malignancy which he can demonstrate so well in his rab- 
bits as a series of progi-cssivc stages involving hypcridasia, anaplasia, 
local invasiveness, and finally malignancy and complete autonomy. It 
might be safe to assume that some tumors, especially the more obviously 
benign ones, might not survive or pi'oliferate in all environments, while 
those more obviou.sly malignant, might be autonomous. Tliere is no 
evidence that sex hormones will alter the rate of growth of mammary 
adenocai’cinomas in mice. Testosterone was without effect.®'’' Hypo- 
physectomy did not pi-evcnt or greatly reduce the rate of growth of 
spontaneous mammary tumors.’®' 

The growth of transplanted sarcomas was not appreciablj' changed 
by the injection of estrogens.’®’ Doses of estrogen large enough to in- 
duce dw'arfism failed to prevent the growth of benzpyrene-induced 
tumors.’®® One transplanted mammary adenocarcinoma showed in- 
hibited growth and secretory activity when estrogens were injected.’®®'’ 

The growth of the more benign tumors is altered by changes in the 
environment in which they grow. A transplanted mammary fibro- 
adenoma w’as largely fibroiis when growing in young or aged rats. The 
incidence of successful grafts was higher in females than in males and 
was greatly reduced by ovariectomy.’®® Transplanted fibroadenomas 
grew rapidly in pregnant rats and the epithelial components increased. 
The growth of other mammary fibroadenomas was not altered by preg- 
nancy”® nor were sarcomas.”’ The earlier investigations have been re- 
viewed previouslj'.”® Transplanted mammary fibroadenomas growing 
in rats receiving testosterone propionate showed a progressive loss of 
epithelial elements, and some eventually became fibromas.”® 

The resistance of hosts to transplanted tumors partially ‘‘immunized” 
to the transplanted tumors was increased l)y the injection of estrogen, 
but not altered by androgen.”® 

INTERPRETATION 

A large amount of detailed information on the appearance of tumors 
in experimental animals given estrogens has been recorded. Mammary, 
uterine, hypophyseal, testicular, lymphoid, and osteogenic tumors ap- 
pear in animals of some species or strains when they are exposed to 
estrogens for prolonged periods. Among mice the mammary, hypophy- 
seal, testicular, and osteogenic tumors are resti’icted liy factors or in- 
fluences transmitted by the maternal parent or parents to their young. 
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TIk'.sc f;ioloi-s (horctlilnry or lioiidic.) or inilin-iiccs (milk iiilhioiicc"' 
or mammary tumor incitrr'-*) ivslricl llm carcinoficnic rosiiousc of 
spocifu* ov'^aus to animals <»f cortaiu proups. Tin* cslropt-ns are required 
before these responses may oet'ur. ICstropeiis, directly or indirectly, 
afu'cl the tissues piviiip oriiriu to these tumors, hut the tumoi's ai)j)ear 
only in suseeptihle animals. 

The uterine cervical tumors in estrosen- treated mice and to a lesser 
extent the lymphoid tumoi's have not v(‘vealed, as yet, other accompany* 
inp transmitted factors or inlluenees essimlia! tor the (’slahlishmcnt of 
these maliunaneies. This does not mean that they do not e.xisi hceause 
all iiossihilities have not been investigated. 

One mi"ht search for some common ehanpe elicited by estropens in 
the different tissues or orpans tt» indicate the mechanism whereby the 
tumors arise. The pn)wth-stimulatinp action of e.stropen is not adequate 
to explain the lymphoid tumors or even those of the. penital tissues 
.since the tumors of these latter tissues do not aiq)ear durinp the active 
prowth phases hut rather after the preater ])art of the tissue has heeomc 
somewhat refractory. In other words, it may he that e.stropens in- 
crease the physiolopic ape of the tissues so that other factors may 
facilitate the o.stahlishment of malipnaney. There is little, doubt that 
continuous and exee.ssive estropenie treatment will re.sult in ehanpes 
indicative of tissue damape in the orpans in which tumors arise. 

It will he difficult to advance some aspects of the problem of the 
action of eslropens in eaveinopenesis until more is known of the mech- 
anism wlierehy they act on normal cells to anpment the anabolic and 
proliferative fnnetions, and what limits the ea])aci1y of 1he.se cells to 
re.spond. The po.ssihility that e.strupens may bo altered chemically and 
that the products formed are earcinopens miphi be mentioned, but the 
metabolic derivatives of estropens arc still heinp investigated. 

According to tlic definition given earlier, estrogens are carcinogenic. 
There is evidence, however, that they merely facilitate the matcrializa- 
lion of certain potentialities which arc transmitted to the organism. 
For practical purposes it might l)c well to consider them as possibly 
carcinogenic Avhen administered continuously, althotigh the investigators 
in these fields may find increasing evidence to doubt their direct par- 
ticipation in malignant transformations of body tissues. 
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EXPERniHXTAL INVESTKEXTIDN.S COXCEKNIN'C THE ROHE 
OF THE lOTFlTARV IX TFMORKiEXESHS 

Hans Skmk. ^r.H.. Pn.H., D.So., F.]HS.((0, :Montim:al, Qui;. 


T he iiuiin of this review is lo survey Hie experiiiieiif.-il medical 

literature eoneerninjr the iufluenee of tiu' hypophysis on tuniori- 
{lenesis in pcneral and tiie role of liornionos in elieitinp tumor forma- 
tion in the pituitary itself. Aeeordinply, we shall subdivide our ma- 
terial into two principal sections; the fir.sl will he concerned with the 
effect on tumor formation of deficiency or excess of pituitary hormones, 
while the second Avill deal with the formation of pituitary tumors in 
animals treated Avith hormones of other filands. A brief additional 
section Avill ho devoted to the few available data on morjAhologie chaufres 
in the anterior lobe elicited by experimental tumoi's. 


Kri'KCT OK THK 1‘ITUITAUY ON TU.AIOK KOUMATION 

Since, the pituitary is largely ro.spon.silde for somatic groAvth in gen- 
eral, it has often hcen assumed that the “groAvth hormone,’’ jiroduced 
by this gland, may play an important part in pathologic groAvth as Avell. 
Yet experiments designed to demonstrate a definite action of the an- 
terior lobe on experimental tumorigenosis have been ratlier disappoint- 
ing. This is perhaps not as surprising as it may a))pcar at first sight. 
The groAvth of individual organs and tissues is not seriou.sly inhibited 
by liypopliyscctomy. Thus Ave found,’"' ami several other investiga- 
tors^^' confirmed, that the regeneration of kidney ti.s.sue folloAv- 
ing partial nephrectomy, as Avell as the healing of skin Avounds, is not 
prevented by hypophyseetomy even though somatic groAvth ceases. 
This, Ave felt, indicates that the hypophysis determines only the pro- 
portionate increase in the size of the body as a Avhole but has com- 
paratively little effect on the groAvth-promoting action of stimuli affect- 
ing indiAudual cell groups. Since tixmor cells are notoriously inde- 
pendent of the rest of the soma, it is perhaps understandable that they 
are not specifically dependent upon hypophyseal control, except sec- 
ondarily inasmuch as the pituitary hormones influence the tissues of 
the host organism in Avhieh the tumor cell liAms. 

In vicAV of these considerations it does not appear profitable to de- 
Amte a great deal of space to a critical discussion of the numerous 
theories concerning the influence of the hypophyseal hormones on tu- 
morigenesis and Ave shall limit ourselves to a brief survey of the 
relevant facts reported in the literature. 
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Let us consider first tlie effect of experiincJitally induced pituitary 
deficiency. 

In the guinea pig Vargas”' noted that hypophysectoniy does not pre- 
vent the production of peritoneal fibromatosis by estradiol. 

In the mouse x-ray treatment of the pituitary region retards the 
growth of .spontaneous mammarj’’ carcinomata in cancer-susceptible 
strains, especially if tlic tumor appears at tlie period of maximum body 
weight retardation.'^ In hypojfii.yseetomized 7niee Korteweg and 
Thomas,”'’®® found that the growth of transplantable and 3,4-l7enz- 
pyrene tumors is retarded. On the other hand, Gardner”- noted 
that in mice hypophysectomizcd during pregnancy or lactation, mam- 
mary cancers can develop even after ablation of the hypophysis. 

In the rabbit Lascassagne and Nylca®- were unable to influence the 
growth of transplantable carcinomas by pituitaty destruction. 

In the rat Bischoff and his assoeiate.s'”’ found that roentgen and 
radon irradiation of the pituitarj- region significantlj' retards the 
growth of transplantable rat sarcoma "R 10” and “carcinoma 256.” 
In the case of the carcinoma the gj’owth rate of the. tnmor is restored 
by anterior lobe extracts. Hypophyscctomjf also retards the groAvth 
of the "Walker rat tumor.'*’ Irradiation of the pituitary is much 
less effective in this respect.®' The retardation of the tumor growth 
rate is approximately the same, however, if the hosts are inadequately 
fed, so that their body weight increase is inhibited to the same extent 
as by hypophysectomy.” Turnons, produced by subcutaneous injection 
of dibenzanthracene, also show a decreased growth rate in the hy- 
pophyseetomized rat.” The growth of the Jensen sarcoma is likewise 
inhibited by hypophysectomy but restored l)y subsequent anterior lobe 
therapy. At the same time the 0„ consumption of the tumor is de- 
creased while the anaeroMe glycolysis remains normal.®''®” The gly- 
cogen content of the “"Walker 256” tumor is inversely correlated Avith 
its groAvth rate and is increased by hypophysectomy.® Iia the case of 
rat sarcoma “E-2” and “E-5” the retardation in the groAvth rate 
folloAving hypophysectomy is not very evident and Franseen and JIc- 
Tiernan”' Avere unable to detect any difference in the metabolism of 
"Walker tumors taken from normal and hypophysectomized rats. J\Iori®” 
believed that he saAV some inhibition of tumor groAvth after hypophj'- 
sectomy, but gave no details. 

It should be mentioned in this connection that hypophysectomy facil- 
itates the production of uterine metaplasia by steroid hormones. While 
in normal rats this lesion is only produced by estrane derivatives, in 
hypophysectomized rats, androstane and even pregnane derivatiAms 
may cause such metaplasia.'®' The question arises Avhether this change 
in susceptibility is due to a derailment in steroid metabolism Ayhich 
Avould lead to a transformation of the androstane and pregnane mole- 
cule into more “ tumorigenic ” compounds. 



sr.i.Yi:: rnriTAKV ix rrM(ii!ii:i:siNis 


lif) 


'Du' lU'Vclopnioiil <if ilcc'ifhininas is l>y liyp(']>Iiys(H‘loiiiy, l)ii1 

tlu' sirowtli of ))lnc(‘n1:i tissue may ))l-oc<'(*(1 in llic absence of llu; i)ifu- 
ilary ajiiJarenlly ])eeansc it is f'overned i)y liormones proflneed l)y tlie 
jilneenlal cells theniselves.'"' 

In man. laimba»lari(les'‘’ elaimod to Iiave noted smne improvement 
after irradiation of tlie pituitary reuion in patients snftVrinr: from va’-i- 
ons tyjn's of eaneer. 

The efi’eet of pf/inVari/ lnu-mour (nJmiui.slidliou on tnmoia'renesis lias 
been reviewed by Mbller.'“ t.’rassmann,*' Laeassafriie.''" and IMori and 


Nakamura.*^ 

Jn the fowl •Siif’inra and IJenediet'''' were unable to inllnenee. tlie 
tirowth of “sarcoma 1 ’’ by various pituitary extracts. 

In tlie. guinea pig llofbaner^'’’'*'' found tlial ‘'leueo))lalcia“ (inter- 
preted as a precaneerous eliange) develops in tlie cervix uteri under 
the influence of various anterior lobe preparations. 

In the mouse Gross^'"' claimed that the growth of transplantable sar- 
comas is apparently aecelerated by certain jn-cgnancy urine extracts, 
while human placenta implants retard it. The re.sulls of subserpient 
investigators^’ were rather contradictory and difficult to in- 
terpret. Sugiura and Benedict''" state that the Bnshford mouse “car- 
cinoma 03” is not influenced by anterior lobe preiiarations. BischofT 
and co-workers’" state that growth hormone preparations have no 
clear-cut effect on mouse “.sarcoma 180“ and similar negative re.sulls 
have been reported concerning the same tumor by giving ])osterior lobe 
extracts.'® Zondek and associates'-’-’ claimed that a mixture of F.S.It. 
(follicle stimulating hormone) and L.ll. (luteinizing hormone) pre- 
pared from urine, exerts a significant inhibiting effect on Ehrlich’s 
mouse carcinoma. This Avas confirmed liy many others."*’ 

Krehbiel and co-Avorkers’''* Avere unable. hoAvcver, to influence the 
groAA'th of mouse “.sarcoma 180“ by gonadoti’opic preparation.s. Ac- 
cording to Luslig and Wachtel,”® oa’cii posterior lobe extracts exert 
an inhibitory effect on certain transplantable mouse tumors, but this 
is hardly a specific effect and may mci’cly be due to the toxicity of 
these preparations. 

The spontaneous mammary carcinomas of the mouse are not influ- 
encec^ l?y doses of gonadotropic pregnancy urine preparations sufficient 
to cause a pronounced enlargement of the OA-aries. These experiments, 
performed by Bischoff and Long® on the Marsh-Buffalo strain, led 
them to conclude that carcinogenesis induced by exogenous folliculoid 
hormones or estrogens may be- Avithout physiologic significance. It 
must be kept in mind, hoAvever, that under the influence of such treat- 
ment the^OAmry Avould secrete other hormones us Avell gs follieuloids 
and these other principles (for example, progesterone) may have an 
anticarcinogenic action. Later, Bischoff and co-Avorkers’®' “ found that 
P.S.H. delays the onset of carcinogenesis, Avhile L.H. has no such effect 
in this strain, although both preparations stimulate mammary groAvth. 
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Transplants of anterior lobe tissnc increase inaininaiy tiimorigenesis, 
but only in strains having a fair degree of hereditai’y susceptibility. 
They are ineffective after ovariectomy.'’''’ Cramer and Horning-’ 
claimed that thyrotropic extracts exert an inhibitory action on the 
development of “R III” strain brea.st cancers but this could not be 
confirmed by Haagcnsen and his associates'” and it appears probable 
that the effect of tlie thyrotropic hormone is merely due to interference 
with breeding, and in the nonbreeders of course the carcinoma rate is 
comparatively low.’®- Lacassagne'’' clearly showed that the mam- 
mary carcinogenesis obtainable by folliculoids in the susceptible "R 
HI” strain is not inhibitablc by tliyroli’opic hormone ti’caiment. The 
entire question is quite unsettled, however, since Bischoff and asso- 
ciates”’ report more recently that they were i;nable to influence mam- 
mary carcinogenesis in Marsh-Buffalo mice receiving chronic treatment 
with pregnant mai’e serum or .sheep anterior lobe extracts, irre.spective 
of whether the treatment caused pronounced ovarian enlargement or 
gonadal atrophj' due to antihoi’inone formation. 

The effect of anterior lobe preparations on uterine carcinogenesis has 
not been adequately studied in the mouse but Loeb and Kirtz'” state 
that precancerous lesions in the cervix have been observed repeatedly 
after anterior lobe transplantations. 

In the ease of tar cancers gonadotropic pregnancy urine extracts 
exert no favorable effect,” although Katz’'' claimed to have noted an 
inhibitory and Zeldenrust’” a stimiilating action. Anterior lobe ex- 
tracts inhibit the groAvth of such tumors according to Yassiliadis,’” 
but it is highly probable that the observed effects were not due to 
.specific hormone actions. 

In the rabbit SeeB'” claimed that ]>osterior lobe extracts delaj- the 
development of tar cancers and a similar inhibitoiy effect of posterior 
lobe preparations has been described by Nariraatsu” for Kato’s trans- 
plantable rabbit sarcomas. On the other hand the transplantable Shope 
papillomas of the rabbit are not influenced by various anterior lobe 
preparations.’^ Pierson®’ observed a variety of uterine tumors in rab- 
Ints chronically treated with gonadotropic pregnancy urine extract. 
jMost of these were characterized by the formation of adenomatous 
endometrial polyps. Furthermore, the endometrium grew through the 
uterine wall so that finally it emerged under the serosa resembling 
the condition of endometriosis. Although such tumors may appeal’ 
spontaneously in rabbits,*”’ ’’’ they are extremely rare so that 

there is little doubt of their haHng been due to the gonadotropic hor- 
mone treatment in the previously mentioned experimental series. 

In the rat Bischoff and associates”’ ” noted a slight increase in the 
growth rate of ‘‘transplantable sarcomas and carcinomas” following 
treatment with crude anterior lobe extracts, but they gave no details. 
Wiesner and Haddow”’ stated that Jensen sarcomas are not signifi- 
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caiilly inlhu'iicL'd by nntovitiv lohi' iiroiinvalioiiK, \vliilo «on!ulo(v<ii)i<'- 
pvcfinaiu'y uriiu* I'Xtrat’ls taiul to sliniulato their fjrowth. Sufiinva 
and Bcnediet”" were unable to inlluenee tiie jirowtii of liie Sufjinra 
rat sareoina, llie Flexner-dobliinr sareonia. or the densen sareoina by 
anterior lobe preparations. IJeiss'" ami eo-worUer.s'''' elainied that 
gonadotropie preparations made from pretinaney urine tend to inhibit 
the growth of densen sareoinas while anterior lobe growth liormone 
extraets slightly stimulate it. Indeed. Itaroni and assoeiates" state, 
that the growth of the densen sareoma is stimulated by posterior, as 
well as by anterior lobe exlraeds. ^lagath and Smoilowskaia'’' e.on- 
firmed the inhibitory aetion of gonadotro))ie. pregiianey urine extraets 
on the.se tumors. PruekreN"^ pointed out. however, that the inhibitory 
effeet is more marked in impure than in highly purified extraets of 
this type. The growth of sareomas ''E-2” and “K-fi” do not appear 
to be stimulated by growth hormone preparations.^' The results ob- 
tained by Kobertson and Unmet t eoneerning the aetion of anterior 
lobe extracts on transplantable rat eareinoiuas gave no elear-eut re- 
sults. rdsehoff and ]Maxwell’=^ concluded that “l^rononneed gonad 
stimulation by pituitary extracts and by activated prolan as niea.sured 
by 300 per eont. increases in ovarian and seminal vesicle weights failed 
to affect the growth of sareomas R 10 and It^O." ITciman''’ claimed 
that in female vats, gonadotropic pregnancy urine extraets cause a 
slight decrease and in males a considerable increase in the ineideuco of 
takes folloAving transplantation of mannnary fibroadenoma tissue. 

In vitro the fibroblasts of rat sarcoma tissue grow c(]ually well in 
a medium containing pituitary extract ns in one to which embryonic 
extract has been added,- Long-continued injections of pituitary or 
pregnancy urine gonadotropic extracts may result in the formation 
of adenomatous or fibvoadenomatous growths in the rat.”“ 

In man no striking effect Avas obtained by the administration of 
posterior lobe extracts to carcinomatous patients.'” On the other hand 
Htibscher”^ described the case of a rvoman with an adenocarcinoma of 
the ovary in whom the growth of the tumor Avas greatly stimulated by 
a gonadotropic extract of pregnancy urine. 

Sumraarizhig the results discussed in tliis section it may be said that 
there is no definite cA’idence of any direct action of pituitary hormones 
on tnniorigenesis. It is Avell established hoAvever that througli its effect 
on the steroid hormone-producing glands, the hypophysis may exert 
an important indirect effeet upon the groAvth of tumors and on the 
condition of the host’s tissues. 

PRODUCTION OP .PITUITARY TUMORS BY HORIMONE TREATMENT 

The most dramatic effect of hormones on the dcA'^elopment of pitui- 
tary tumors is that elicited by the folliculoid compounds. In 1936, 
Cramer and Horning”^’ “ noted that in the mouse a marked enlarge- 
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meiil of llie pituitary Avitli the formation of cliromopliobe adenomas is 
obtained following continued treatment with folliculoids. Even in 
those animals in which actual tumors did not occur, the chromophil 
cells lost their granules so that almost the entire anterior lobe con- 
sisted of chromophil cells. The greatly enlarged anterior lobe of 
these animals showed numerous hemorrhages and generalized hyper- 
emia. Independently, and almost simultaneously, wc Avere able to 
shoAv’°® that in rats daily administration of 500 gamma of estrone 
practically doubles hypophyseal Aveight Avithin tAvelve days, and that 
occasionally this treatment may lead to the formation of caA'cruous 
anterior lobe adenomas."' These observations haA-e repeatedly been 
confirmed Avith follrculoid estrone and stilbene dcrivatiA'cs.-®- 
Zondek’s attempt to transplant these adenomas proved unsuccessfrd.’-’ 
Nelson'® made a particularly detailed and instructive study of these 
tumors describing the functional changes (visual disturbances, nystag- 
mus. ataxia, etc.) AA'hich result from the pressure exerted by these 
large tumors on the brain. Curiously, the rabbit does not appear to 
respond in this manner since Zondek"'-' and !Mazer and co-Avorkers‘* 
state that eA-en massive doses of folliculoids cause no significant en- 
largement of the hypophysis in this species. It is perhaps Avorth men- 
tioning that in rats receiA'ing prolonged treatment Avith folliculoids, 
pigmented adenomas of the intermediate lobe have also been ob- 
seiwed."'*’ In vicAv of the great rarity of intermediate lobe tumors 
in human pathology, these obseiwations deserve some attention cA'en 
though the incidence of middle lobe tumors in folliculoid treated ani- 
AAAals is extreiAAely Ioav \aa eompavisoiA Avith the aliAAOst eonstaiAt develop- 
ment of anterior lobe tumors under similar experimental conditions. 

The production of anterior lobe tumors Avith folliculoid hormones is 
one of the most obvious experimental facts shoAving the existence of a 
definite correlation betAveeu the hypophysis and tumori genesis. As 
stated in the first jjart of this reA'icAv neither pituitary deficiency nor 
overdosage Avith hypophyseal hormones exerts any A’ery constant and 
significant efl;’ect on tAunor groAvth except lAerhaps through the inter- 
mediary of steroid hormones Avhieh are liberated from other endocrine 
glands under the inflAience of hypophyseal hormones. In this sense, 
for instance, the Avell-knoAvn effect of the folliculoids on maimnary 
tumorigenesis in the mouse may be regarded as under pituitary con- 
trol since the formation of folliculoids by the ovary is regulated by 
gonadotropic hormones. The production of hypophyseal adenomas on 
the other hand is apparently a direct effect of the folliculoid com- 
pormds and because of the regularity of its appearance sei-A-es as an 
excellent test object for the study of pituitary tumorigenesis in gen- 
eral. It is for this reasou that these groAvths deserve special attention. 

It is Avell knoAvu that a large number of steroid hormones possess an 
‘‘antifolliculoid’’ effect, that is to say, are capable of inhibiting certain 
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follicviloid notions. This notoiioy of stontid.s lins boon discussod (;lso- 
whcre in dctniP''’’ so tliat liore it Aviil only bo nooo.ssavy to sunnnarizo 
lliosc aspects of tlic problem \vhi<'h are portinioit to the siibjocl of 
pituitary tuinoviponosis. It has boon found that most, if not all, hor- 
monally active steroids, otlu>r than the follionloid (strano derivatives, 
arc antifollie\doid to some extent. Tims, Iht'y can inhibit the v.’ifiiiml 
oornification. the involution of the seminif<*rons ejtithelinni. and the 
uterine estrns as \vell as the enlari^emont of the adrenal eortex and 
pituitary which arc normally elieito<l by f<illiot\l(titls. 'While only this 
latter en'ect is of interest in eonneetion with the ju'oblem under tlis- 
oussion, it must be emphasized that there is no «‘lose jiaralleHsm h(‘- 
Iwcen the various antifollicnloid aetions of tlie individual steroids. 
A eompound may be very active in inliihiliim one, hut c!om]>arntiv<'ly 
inert with rt-gard to another follionloid aetion. From the pra<‘tieal. 
clinical point of vi(‘W it woidd obviously Ix' of great interest to detect 
steroids whieli have a spoeifie aniilnmorigenie action. 

A large number of steroids have been studied in our laboratory for 
their ability to inhibit tumorous growth using the hypophyseal enlarge- 
ment and tnmorigenesis elicited by n-ostradiol. as a test ob.icet. It 
soon became evident that testosterone is very aelivo in thi.s respect. 
Subsequent investigations eoidirmed Diis effeet of to.slo.steronc and 
showed that methyl-testosterone is approximately equally active while 
A®-fl)idrosfc)ic-3(/3),17(nr)-diol. A^-(/Hdro.v/r?if-:3f^)-ol-17-ono, and proges- 
terone arc considerably less active.* A very large number of hitherto 
unpublished experiments Avilh a great variety of steroids revealed that 
the diproprionate of A^-audrostenc-S (/3).17 (n:)-diol is .somoAvhal move ac- 
th'e than the free eompound and that A*-(i>t(Jrosirnc -^, is per- 
haps one of the most active compounds .so far examined. It is of par- 
ticular interest that A^-«?idros<far-3-one-17{i3)-ol (“eis-teslosl crone") — 
Avhich is practically inert as an “androgenic” or testoid compound and 
is extremelj' inert Avith regard to all other lioi-mone actions — is among 
the most potent compounds AA'hen le.stod for its ability to inhibit the 
effect of estradiol on the pituitary. This aetion is even more pro- 
AAounced in the case of the acetate and propionate of this steroid. 

There is, of course, no definite proof indicating that the naturally 
occurring anterior lobe tnmor.s are caused by stimuli similar to those 
Avhich are responsible for the tnmorigenie effect of the follicnloids. 
Indeed, physiologically there are some striking differences in symp- 
tomology. AiAimals Avhich dcA’elop anterior lobe tumors as a result of 
estradiol treatment haA'e an enlarged adrenal cortex, a tendency 
toAvard the diabetic tyiAe of Carbohydrate metabolism disturbance, 
definite abnormalities in the deAmlopment and function of their sex 
organs, and manifestations due to the local pressiii-e Avlneh the enlai-ged 
hypophysis exerts on the brain tissue. 

It is very probable that these tumorous anterior lobes are capable 
of producing an excess of certain pituitary hormones especially the 
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adi'enotropie, mainmotropic, lactogenic and, perhaps, also diabetogenic 
factors. On the otlier hand, judged by the inhibition of somatic growth 
and the atrophy of the thyroid and gonads, they appear to discharge 
subnormal amounts of growth-promoting thyroti’opic and gonadotropic 
principles. Especially the inhibition of .somatic growth is rather dif- 
ferent from the manifestations of hyperactive anterior lobe tumors in 
man. Yet, even in human pathology the functional manifestations differ 
depending upon the type of tumorous growth, and the resemblance 
between these experimental tumors and the spontaneous anterior lobe 
adenomas of man is sufficiently great to make experimental work con- 
cerning inhibition of the rat tumors appear to be of some possible 
clinical applicability. From this point of view the activity of cis- 
testosterone and its esters is of special interest because these com- 
pounds appear to exert a pronounced antitumorigenie action uncon- 
taminated by any significant degree of undesirable hormonal side-effects. 

MORPHOLOGIC CnANGK.S IX THK AXTKRIOU LOOK KLICITKU IIY 

kxperimextal tumors 

Before discussing the experimental literature it may be well, for the 
sake of comparison, to survey briefly the data eoncerning hypophyseal 
changes in tumor-bearing patients. 

Tumors of various organs may influence the structure of the pitui- 
tary gland. Thus in patients .suffering from carcinomas, Karlefors®’ 
noted a decrease in the eosinophiles and an increase in the main cells. 
Krieger''-' found that the average Aveight of the gland is relatively high 
in cases of malignant turnons. Berblinger and IMuth® noted an increase 
in main cells in cases of carcinoma or sarcoma, but they did not con- 
sider this to be a specific change and looked upon it merely as the 
effect of toxic products liberated from the tumor ti.ssue. Saenger®® 
observed a tumoidike proliferation of the main cells in the hypophy.sis 
of a Avoman Avith a large OAmrian carcinoma. It seems questionable, 
hoAvever, Avhether this change .should be attributed to the tumor as 
such, because the patient .shoAved other signs of endocrine disturbances. 
PuecinellF® emphasized the occurrence of large quantities of pigment 
in the posterior lobe of tumor-bearing individuals. Kraus and Traube®' 
.state that in carcinoma-cachexia the number of basophiles is usually 
subnormal, iilee.ssen'® claimed that in carcinomatous patients, there is 
increased basophilic invasion in the posterior lobe. 

Chorion epitheliomas in man occupy a particular position in so far 
as they produce gonadotropic hormones. Zondek”® Avas the first to 
note that in such cases the pituitary shoAvs pregnancy changes, a fact 
AA^hich has been confirmed by Erdheim®® and Siegmund.’®® 

"With regard to experimental tumors the folloAving observations are 
notCAVorthy, Berblinger' and Berblinger and ^luth® shoAved that treat- 
ment AAuth A'arious protein extracts may lead to such changes in the 
rabbit pituitary as have been seen in carcinoma-bearing human indi- 
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vitlujils. Ill tlu' hyjiopliysis of rats inoculatod with the \\ nikcr rat 
luinor. McKuoii and Solyo’’ ohsorvod the appearaueo of larfic eolls 
with eceentrio nueU'i and a {xrannlnv eliroinophobe cytoplasm. Sonic of 
those cells eontnin vacuoles of unusual .size, (iiiycr and Claus’’”^'' 
noted similar histolopie ehanpes in the hyjiophy.sis of rats hearing the 
Flexiier-Johlinp eaveinoma and repavded them as identical with those 
produced by castration. However, we''"’ were able to ])ro(Uiec similar 
chaupe.s by the intraperitoiieal implantation of kidney tissue and con- 
cluded that “the chaiipos produced by transplantable tumors are not 
necessarily related to the malipnaiit prowth as such but arc at least 
partly due to decomposition of tissue in the necrotic centers of the 
tumor." Brown and Pearce'' noted a slipht hypertrophy of the 
hypophy.sis in rabbit.s inoculated with tumor ti.ssiic. llammctt^^ re- 
ported an insipiiirieant increase in the .size of the hypophysis in a rat 
boarinp a ‘‘myxocavernous’’ type of hemanpioma which occurred .spon- 
taneously in the peritoneum. Mendelf'cff-*’' claimed that normal puiiiea 
pip pituitary tissue increases the coapulability of plasma in vitro while, 
the hypophysis of eancer-benrinp piiinca pips is not very active in this 
respect . 

In conclusion it may be said that both the spontaneously oecurrinp 
tumors of man and the experimental prowth of animals frequently 
produce definite morpholopie chanpes in the anterior lobe, but it re- 
mains doubtful wlictlier these should be veparded ns specific effects 
of the tumor ns such or merely as a result of toxic metabolites elabo- 
rated by the abnormal prowths. 

The author Is Etcatly Indebted to the International Cancer Uesearch l^oundatlon for 
subsidizing many of the invesllgntlons mentioned here tvhleh wore performed In hW 
laboratory. 
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adrenotropic, luamuiotropic, lactogenic and, jicrhaps, also diabetogenic 
factors. On the other hand, judged by the inhibition of somatic growth 
and the atrophy of the thyroid and gonads, they appear to discharge 
subnormal amounts of growth-])romoting thyrotropic and gonadotiupic 
principles. Especiallj'^ the inhibition of somatic gi'owth is rather dif- 
ferent from the manifestations of hyperactive anterior lol)e tumors in 
man. Yet, even in human pathology the functional manifestations differ 
depending upon the type of tumoi-ous growth, and the resemblance 
between these experimental tumors and the spontaneous anterior lobe 
adenomas of man is sufficiently great to make experimental work con- 
cerning inhibition of the rat tumors appear to be of some possible 
clinical applicability. Prom this point of view the activity of eis- 
testosterone and its esters is of .special interest because these com- 
pounds appear to exert a pronounced antitumorigenir- action imcon- 
taminated by any significant degree of undesirable hormonal side-effects. 

MORPHOLOGIC CHANGES IX THE ANTERIOR LORE ELICITED IIV 
EXPERIMENTAL TUMORS 

Before discussing tlie experimental literature it may be well, for the 
sake of comparison, to .survey bi’iefly the data concerning hypophyseal 
changes in tumor-bearing patients. 

Tumors of various organs may influence the structure of the pitui- 
tary gland. Thus in iiatients suffering from carcinomas, Karlcfors''" 
noted a decrease in the eosinophiles and an increase in the main cells. 
Ki’ieger®® found that the average weight of the gland is relatively high 
in eases of malignant tumors. Berblinger and l\Iuth® noted an increase 
in main cells in cases of carcinoma or sarcoma, but they did not con- 
.sider this to be a specific change and looked upon it merely as the 
effect of toxic products liberated from the tumor tissue. Saenger’'® 
observed a tumorlike iiroliferation of the main cells in the hypophysis 
of a woman with a large ovarian carcinoma. It seems questionable, 
however, whether this change should lie attributed to the tumor as 
such, because the patient showed other signs of endocrine disturbances. 
PuccinellP® emphasized the occurrence of large quantities of pigment 
in the posterior lolie of tumor-bearing individuals. Kraus and Traube"’" 
state that in carcinoma-cachexia the number of basophiles is usually 
subnormal. Sleessen"® claimed that in carcinomatous patients, there is 
increased basophilic invasion in the posterior lobe. 

Chorion epitheliomas in man occupy a particular position in so far 
as thej" produce gonadotropic hormones. Zondek’^® Avas the first to 
note that in such cases the pituitary shows pregnancy changes, a fact 
Avhich has been confirmed by Erdheim^® and Siegmund.’®® 

"With regard to experimental tumors the following observations are 
noteworthy. Berblinger’' and Berblinger and j\futh® showed that treat- 
ment with A^arious protein extracts may lead to such changes in the 
rabbit pituitary as have been seen in carcinoma-bearing human indi- 
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'niK KN'nOOHlNH ]-:i-'KKLT.S OK IMTlllTAlfY TUMORS 


A Cmxicai. Ri:vm;\v 


WiMiiAM .1. Gr.iiMAN, M.D., Ni;\v IIavkn. Conn. 

(I'rom till' Priinrtmfnt of Surrici!! oiul thr 7!riiiii Tumor 
Yoh' riiiiYr.viVi; Srfiool of 7frtl{rtiirJ 

T HK early atteiajils-' t<j luirave! Ihe aiialoinie eoiiiplexities of llie 
vcfiion overlyinc: the sella (ureiea led Oalen (o ajvjily llie tenn jilcxiis 
I'oliformi.s to 1hc.sc sinietiires. Vesalius, in s]iito of inisinlerpvclnlion 
of annfoniic .strncfnre.s, ivas led lo llie ]no]ihelic slaleinenl: “Rclo 
mivabilc, in (juo vilalis s]iiritns ad aniinalem preiiavenlm'.” For over 
100 years, Iho. ‘Avonderful net" relained ils .seerels. nnlil Iho. keen eyes 
and n-ils of "Willis separated Iho nel into ils eoinponcnl ])arls, on Iho 
basis of comparative anatomic studic.s. Bridprin^ a p:a]i of almost 200 
years into the future, Willis stated: "The ramitieation of the carotids 
into a reticnlalod plexus shows . . . that the blood . . . before it is let into 
the cerebrum takes some part of the superfluous scrum of the ])ituitary 
gland and instils another part into the various shoots to be led back to- 
ward the heart." 

The modern conce]ilion of internal secretion was su])idicd by the bril- 
liant studies of Claude Bernard. In the light of jiresent knowledge, 
it is somewhat pai'adoxieal that, the first demonstration of functional 
activity of the pituitary by Sehiifer (18.04), was confined to the po.s- 
terior lobe (1898). 

Clinical interest in the pituitary gland was aroused by jMaric’s''' dis- 
closure that the condition he termed aeromegaly was usually accom- 
panied by an hj'pophysial tumor. The allied condition of gigantism 
had been studied not infrequently, but even the discerning mind of 
John Hunter had failed to note the enlarged pituitary fossa of the Irish 
giant’s skeleton that he .so carefully prepared. In fact, the dust of an- 
other century accumulated in the enormous sella turcica before Arthur 
Keith peered in and grasped its significance. Cunningham previously 
noted the enlarged sella turcica in this skull by palpat.ing through the 
foramen magnum. Although an instance of pituitary tumor was re- 
corded as early as 1771 by Greding, the pathologic nature of these pitu- 
itary enlargements was not clearly appreciated until Benda (1900)“ 

Received for publication, Dec. 29, 1943. 


47 



46 


SURGERY 


118. Zondek, B.: Dio Hormone dcs Ovarhmis und dos Hypophyeonvorderlappens, 

Berlin, 1931, Julius Springer, 

119. Zondek, B.: Tumour of the Pituitary Induced With Follicular Hormone, 

Lancet 230: 776, 1936. 

120. "Zondek, B.: Hypophyseal Tumors Induced by Estrogenic Hormone, Am. J. 

Cancer 33: 555, 1938. 

121. Zondek, B.: Clinical and Experimental Investigations on the Genital Func- 

tions and Their Hormonal Begulation, Baltimore, 1911, Williams & Wil- 
kins Co. 

122. Zondek, H., Zondek, B., and Hartoch, AV. : Prolan and Turnorwachstum. Der 

hemmende Einfluss des Prolans auf das Impfcarcinom der weisson Mans, 
Klin. Wchnschr. 11: 1785, 1932. i 



ciiuMAN: r.Nntu'iMNi: t;i‘rrrrs or nrnTAifv Tt Moiis 


4 !) 


HAiUNSKt, .1. (15'00« I'ic. 2).— A (;irl IT yciir.s of «(;<• lijul f'ym|)!oiiii of Iioaducln', 
failiiijf vihion. ojii!i‘j>lifnrin .•■fi/iin"*. lolipovity, jrciiitiil I>ypojtIii«iii, !iiiu'nnrrlu'!i, uiid 
papilWdomu ; imtopi-y di‘-i’ln‘.od i\ liirRo tumor of llu' iiifuilnry. Thin luntor was do- 
soribod piplil yi'!ir!> P!irl’n'r by IbAiu-bi’}! Miub'Hl, OrbuiofT (1802).'’’' 

FlibiiucH, A, (IbOl,"" I'lK. :i). — A boy II ycara of ii^cp Imd miiiiiIoiii** of Jiead- 
aolip, viMinl impairmi'iit, vomitiitp;, luul rn|iiil (;!itn in U(‘if;lil: oxniiiimilioii ri'vc.'ilnl 
uiiibitonil iniiblyopbt, tomporal bciuiiiuopba, u*li]'0«>ly. fomiuiiit' jiliyabuH*, pcnitnl 
ilyatropby, M-siuty luiir, »«'l <lry akin. TIum uaa opcratod upon by von Kiaela- 

berp, in IbOT, and a pyatir tumor jairtiaUy romovod from t!>i' a'dla tnrpioa; Iiiatolopii- 
diupnoM« ua*- pari'inoma or, ntoro probaldy, an ndcnotna of the hypopliyaia in the 
preoanceroti'i .-tape. 



Fig'. 2. — Babinski, Jiypopituitai ism. 


Lorain, P. (1871).56 — A ayndiome -was described consisting of: (1) weakness, 
gracefulness, and smallness of the body, as an arrested development affecting the 
mass of the body; (2) persistent youthfulness; (3) feminine cliaracteristics in males, 
as broad hips, feminine distribution and character of hair, genital hypoplasia, and 
development of the breasts. 
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Levi, E. (1908,52 Case 1, Fig. 4). — A girl 20i/(. yeais old hud developintMitul arrest 
since the age of 10 years, headaclies, vomiting, amenorrhea, progres.«ivo villial failure, 
optic atrophy, and radiographic enlargement of the sella turcica (nearly '2 ' 0111 .). 

Gilfokd, n. (1897,21 Case 1, Fig. 5). — A boy 17 years old had arre.st of body growth 
(height 3 feet 8% inches, weight 35.2 pounds) and premature senility; infantilism 
and senilism were both present, lie died at the age of 18 with small cirrhotic kid- 
neys and atheroma of the coronary arteries. The name ])rogeria was given to this 
condition by Gilford in 1904 . 2 s, nn 



Fig. 3. — FrShlich, Frolilich syndrome. 


SiMMONDS, M. (1914).‘S — A woman 46 years of ago hsid puerperal sepsis eleven 
years previously, followed by amenorrhea, asthenia, vertigo, episodes of unconscious- 
ness, emaciation, premature senility, and anemia. Autopsy revealed small abdominal 
organs, embolic necrosis of pituitary, noninflammatory. 

Cunningham, D. J. (1891) .is 

Keith, A. (1911, ■‘s Fig. 6). — The Irish giant, O’Brien (or Byrne), died in 1783 
at the age of 22 years. The skeleton, which was obtained by John Hunter and is 
preserved in the Museum of the Eoyal College of Surgeons, London, has a stature of 
7 feet, 8% inches; the sella turcica has an anteroposterior diameter of 21 mm,, width 
24 mm., depth 11 mm. 
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TUi; riTClTAHY Al>r,NOMAS 

Annly.s-r;^ of liie symptoms ol'scn’cd in- en>ni)s of patioiits with the 
various types of I'ituitan* adenomas* afford a loirical startiuLr point for 
the sab.ie(‘t under eonsidci-iition. The atiah>es "ill he limited to endo- 





eimie sATuptomatology. although this forms only a portion of the total 
chmeal picture. Both positive and negative phases of pituitarj- fimc- 
tions m ay be distinguished in these SAuidromes. Some of the negative 


•Craniopliarjuirionias 

fix*!!! combin»Hl pituitai-j- 


aiv omitted, since their endocrine 
and hj'pothalaniic distiii bances. 


picture appears to result 
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Tabi-E I 


Acromegaly 
(Dayidoff, 100 Cases) 


SYMPTOM 

incidence (7r) 

Enlargement of acral parts (Gigiinti.'m. 1-1) 

300 

Disturbance of nieii.‘<truiil evde 

S7* ■ , 

Complete amenorrhea 

7;p 

Increasetl basal metabolic rate 

701 

Excessive per.spiration 

(10 

Ilj'pertrieliosis 

SH 

Cutaneous pigmentation 

46 

Gain in weight 

30 

Diminished libido sexualis 

3S 

Asthenia 

33 

Low blood pressure (less than 120 mm. Ilg .systolic) 

30 

Polyphagia 

28 

Fibromata inollusca of skin 

27 

Polj'dipsia 

2:7 

Enlarged thyroid gland 

23 

Glycosuria (diabete.s niellitus, 12) 

2.7 

Decrease of bodv hair 

7 

Persistent lactation 

4 

Failure of breasts to develop 

4 


* Percentage ot female patients. 
tPercentage of 70 case.s examined. 


excessive perspiration (60 per cent), gain in weight (39 per cent), and 
polyphagia (28 per cent) may ])e accounted for on the basis of excessive 
elaboration of the growth factor by the tumor. This tendency toward 
tissue overgrowtli affects the viscera as well, in the form of splanch- 
nomegaly (Cushing and Davidoff-’). Of other prominent symptoms, 
disturbance of the menstrual cycle (8T per cent) is vwdoubtedly a 
gonadotropic effect and dimini.shed libido (38 per cent) is proljably in 
the same category. The symptoms of asthenia (33 per cent), low blood 
pressure (30 per cent), cutaneous pigmentation (46 per cent), poly- 
dipsia (25 per cent), glycosuria (25 per cent), and enlarged thyroid 
gland have been referred to as polyglandular effects. 

Chrovwphobc Adenomas . — Chromophobe is the most common tumor 
of the pituitary, accounting for about 73 per cent of the adenomas. The 
clinical picture depends upon the age of the patient at the onset of 
tumor growth, pituitary dwarfism being observed in those patients in 
whom the tumor is well advanced before adolescence. The endocrine 
syndrome produced by the chromophobe adenonra is almo.st the complete 
antithesis of that due to the acidophile adenoma; it is characterized by 
hj-popituitarism. 

The chromophobe cells compose about 52 per cent of the cells of the 
normal adenohypophysis, according to Rasmussen.®^ These chromo- 
phobe mother cells of the normal gland are apparently identical with 
the cells of the chromophobe adenomas. Although these cells possess no 
cytologic characteristics of secreting cells, Severinghaus'^ has noted 
that they contain two distinctive types of (iolgi bodies: a net type, 
characteristic of the acidophile cell, and a ring type, similar to that 
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of Iho hasophilo cell. Thus, the. linul .sccrclofy j»!iasc iii)p(‘jir.s fo hi; 
]u*c(]elcrininc(l in (he chiDinophnln- molhi'r cells. Applyiufr (his niclhod 
of .study to I) few jidononiii.s removed at operation hy Cushiu'r,*’' Sevoi’iiiR- 
haus found: “(a) that in the adenoma of aeromcfraly (ho Goltii body 
of all eell.s. whether ehromophoho or aeidophilie, is of acidophilic type; 
(h) that in the ehromophoho adenomas (he cells with a Oolpi body of 
acidophilic type far outnumher those with a G'olpi body of ha.sophilic 
type.” Bailey and Cu.shinp'' had ])reviously suupested. on the hasi.s 
of staininp eharacteristie.s, that “the ehromojjhohc cells are not all of 
the same nature.” 

The endocrine effects of ehromophohe adenomas arc tabulated in Table 
II, based upon the records of 100 con.secniive eases of (Jushinp’s .series 
in the Brain Tumor Registry. Yale University School of ]\rcdieine.*' 
The sex distribution was r»0 males and 47 females. The ape incidence 
was; second decade, ft; third decade, 14; fourth decade, 2;l: fifth decade, 
33: .sixth decade. 10; scA-enth decade, eiphth tleeade, 1. Since the 
presence or absence of ccrtjiin symptoms were not simeifically noted on 
all records, the percentage incidence of .symptoms is calculated on the 
basis of the number of cases in Avhieh siAecifie mention of the .s.Aunplom 
was found, as well as the total number of ca.scs. 

Disturbance of the menstrual cycle occurred in 97 per cent of women 
between the ages of lb and 45 inclusive, 94 per cent having amenor- 

Tabi-k II 


Chromoi'Hoiie Adexomas 
(100 Cases) 


sYMin'o^r j 

IXriDKNCK 
WIlEliK .N'OTKI) 1 

(%) 

TOTAI. 

Disturbance of menstrual cycle 

7.S 

7S* 

Subnormal basal metabolic rate (below -o) 

f 7 

70 

Abnormality of skin (fine, dry) 

.SI 

.')(i 

Abnormality of hair (distribution, fine, scant) 


o3 

Gain in weight 

.51 

47 

Diminished libido sexualis 

(12 

.‘SO 

Subnormal blood pressure 

40 

30 

Diminished potentio se.\ualis 

71 

2St 

Subnormal temperature 

:iV. 


Somnolence 

31 

22 

Genital abnormality (hypoplasia) 

3:( 

15 

Polydipsia (slight) 

l.'i 

12 

Mammary hypoplasia 


11* 

Questionable enlargement of acial parts 

12 

9 

Weakness 

10 

<) 

Polyuria (slight) 

10 

9 

Feminine habitus in males 


St 

Small acral parts 

7 

5 

Appetence for sweets (slight) 

() 

0 

Small stature 

(i 

3 

Glycosuria (slight) 


2 


•Percentage of female patients. 
tPercentage of male patients. 


•AVith the kind assistance of Dr. Louise Eisenhardt. 
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rhea. 01! the 15 Y'omen over 45 years of age, 40 per eeiit had amenor- 
rhea before the age of 45. Diminished libido sexnalis oeciirred in 39 
per eent of all patients but was noted in 62 per cent® of those whose 
records contained a specific note concerning it. It was lost in 30 per eent 
and diminished in 32 per cent. Diminislicd potentio sexnalis was re- 
corded in 28 per cent of all male patients, but in 71 per cent® of tho.se 
where thi.s symptom was .specifically noted. It was lo.st in 42 per cent 
and diminished in 29 per cent. In those patients Avhose genital status 
Avas noted, hypoplasia or atrophy aa-rs present in 22 per cent and gen- 
ital infantilism in 11 per eent. ilfammary hypoplasia Avas found in 
11 per eent of the female patients Avhile one male exhibited enlargement 
of the breasts. Feminine liabitus appeared in 8 jier cent of the males 
Avhile feminine distribution of the hair Avas noted in 39 per cent. It 
is obA'ious that sexual functions are seA’erely disturbed by tlie groAvth of 
a chromophobe adenoma. EA-idenec that this di.sturbance is due to 
compression of the normal basophilic elements by the expanding ad- 
enoma has been presented by Cirshing-^ and will be discussed later. 

Another group of sAnnptoms is not greatly different from those ob- 
.served in hA-pothyroidlsm. Basal metabolic rates of lo.ss than -5 Avere 
found in 76 per cent of all cases. Of these, 24 per cent Avere -6 to -15, 
and 39 per cent AA-ore -16 to -25, Avhile 35 per cent Avere beloAA’ -25. There 
Avere 20 per cent in the normal range of -5 to +5, and 3 per cent Avere 
-^0 .to -10. The skin AA-as noted to be abnormal (fine, dry) in 56 per 
eent of all patients. Of these, 46 had fine skin ; the skin Avas unusually 
dry in 25 and finely Avrinkled in 7. Only 2 patients had coarse skin, 
and excessive perspiration Avas present in 2. Gain in Aveight Avas re- 
corded in 47 per cent of all cases, being only a slight increase in 23 pa- 
tients but frank obesit.A- Avas present in 24. Weight lo.ss occurred in 5 
cases Avhile 2 patients exhibiting pituitary dAvarfism had subnormal 
AA'eights. Subnormal tcmperatAire AA'as found in 23 per cent of all pa- 
tients and somnolence Avas noted in 22 cases. It avoaaIcI be tempting to 
ascribe this group of .symptoms to a deficiency in the thyrotropic hor- 
mone of the adenohypophysis. IloAVCA'cr. since the elevated basal 
metabolism frequently observed in acromegaly responds jmorly to thy- 
rodectomy, it appears likely that the pituitary itself is partially re- 
sponsible. Another bit of eAudence in this respect is found in the con- 
dition of the hair in patients Avith chromophobe adenomas. The hair Avas 
scant in 47 cases, but thi.s AA-as u.sua}ly limited to the bod}- bail-. Fine 
hair Avas noted in 19 patients, AA’liile only 2 had coarse hair. I'eminine 
distribution of the hair has already been mentioned in 19 per cent of 
male patients. This tendency toAA-ard feminine type of hair is cor- 
roborated by the fact that normal hair was noted in only 13 males as op- 
posed to 28 females. Increased hair AA'as mentioned in one case. 

In A-ieAV of the consistent cleA-ation of blood pressure in cases of 
basophilic adenoma, it is interesting to note subnormal blood pressure 

•The actual incidence probably approximates the higher figures. 
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ill :?!) per coni of those iuilionls willi chroinopliohc jidcnoiiins. 'I’lio nui'io 
of ■'normn!*' lilood pressure for various jnie irroups Iins been esinblished 
by the studies of I{obinson*'“ and Tlie Life lOxlension Examiners.'* In 
the ]>re.sent scvie.s. systolic liypoten.sion oeeiirred in iIk' various ayi* 
irroujis as follows: Second decade. 2 of jiatients had .systolic pre.ssnres 
under 30b mm.; third decade. \ of 32 under 330 mm.; fnuvtli decade. 
K? of 22 under lib mm.: fifth decade. 10 of 22 under 120 mm.: .sixth 
decade, !) of 10 under 120 mm.; .seventh decade, 1 of ib under 120 mm. 
•Systolic hypertension over IbO mm. occurred in only 4 jiatimits of the 
07 whose blood pressure was recorded; .systolic and diastolic (over 100 
mm.) hypertension was iire.sent in 2 patients; all patients with hyper- 
tension were in atre iiroujts ovi'r 40. n'he averaai' blood ])re.ssur(’s for 
the various a^es were as follows; second decade, lOO/ibt); third decade. 
111/71; fourth decade. 117/7;'); fifth decade, 124/80; sixlli decade. 
128/78; seventh decade. 17)4/82. 

It was a little suvprisiiu: to find ijuestionable enlariiement of acral 
parts mentioned in 0 ])er cent of the ease.s. I'ndoubtedl.v the various 
clinical oh.servers were searchinij: for such chanires and it is lU'obably 
sitinifieaul that in no ease was there unociuivocal acral cnlarjjcomeut. 
However, perhaps this cpicstion should not be jiassed over so liifhtl.v 
since it has already been noted that chromojihobc adenomas are com- 
posed of cells, the ma,iority of which resemble the .normal mother cell 
of the acidophilic type, on the basis of Ool^i body charactori.stics. Tt is 
not impos.sible, therefore, that some of these cells might mature to the 
extent of elaborating .some internal secretion. Such maturation prob- 
ably occurs in the mixed adenomas .soon to be diseu.ssed. The negative 
phase of acral overgrowth was observed in only 5 per cent of the jm- 
tients, the same number wiio sought treatment during the .second decade. 
Small stature was pre.scnt in 3 per cent. These symptoms are undoubt- 
edly dependent upon the on.set of tumor growth before adult ]n'o])orlions 
have been attained. They are probably related to pre.ssure atrophy of 
the acidophilic elements of the normal gland b.i' the c.x]>anding adenoma 
witliin the confines of the sella turcica. 

A few other .symptoms are worthy of brief note at this time, on the 
basis of their possible relation to .secondary disturbance of otlier endo- 
crine glands. Possible effects upon the tliyroid liave already been men- 
tioned. In regard to the pancreas, increased sugar tolei’anee, although 
not included in the table of s.ymploms, is observed, not infrequently, 
in cases of chromophobe adenoma and will be discussed later. However, 
symptoms suggestive of pancreatic deficiency were observed as follows : 
polydipsia 12 per cent, polyuria 9 per cent, increased appetence for 
sweets 5 per cent, and glycosuria 2 per cent. All these were slight or 
questionable in degree and it is not unlikely that they were due to pres- 
sure upon the hypothalamus. Inquiry was made, in most of the cases, 
concerning possible adrenal disturbance: subnormal blood pressure in 
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39 per cent has been mentioned ; weakness was a complaint in 30 per cent 
but abnormal pigmenlation of the skin was not observed. 

Simmonds's Disease . — Since the endocrine s}mdromc of cliromophobe 
adenomas is predominantly suggestive of hypopituitarism, the pure state 
of h.vpopituitarism as observed in Simmonds’s disease is worthj" of 
comparison. This condition is frequently the result of pituitary in- 
farction from severe puerperal hemoiThage or sepsis. Of the 42 cases 
reviewed by Silver,"^ 10 were due to tumor involving the pituitary as 
follows; complete destruction of hypophysis by basophilic adenoma, 2;^ 
carcinoma, 2; cyst, 5; "fibroblastic endothelioma of llfas-son,’' 1. It is 
perhaps significant that chromophobe adenoma Avas not an etiologic 
agent. The .symptoms of Simmonds’s di.seasc arc shoAvn in Table III, 
on the basis of the review by Silver."' 

Taiu.k III 


SlMMOKKS’.S UlSKASr, 
(SIIA'UI:. 12 C.VSKS) 


SYMPTOM 

INCIPENCE (%) 

Cachexia 

100 

Loss of puhie liair 

80 

Loss of axillary hair 

79 

Asthenia 

04 

Genital atrophv 

60 1 

Amenorrhea 

55* 

Loss of teeth 

36 

Progeria 

29 

Atroph}' of jaw 

24 

Hypothermia 

21 

Loss of libido 

14 

Eosinopliilia 

14 

Anemia 

14 

Hypotension 

7 


•Percentage of female patients, age 15 to 45 at onset. 
tPercentage of male patients. 


The most striking disparity between the hypopituitarism of Sim- 
monds’s disease and that caused by chromophobe adenomas is tlie ap- 
pearance of cachexia in 100 per cent of the cases of Simmonds’s disease 
while gain in weight was noted in 47 per cent of the chromophobe ad- 
enoma patients and cachexia ivas not mentioned in any. Asthenia 
(64 per cent) in Simmonds’s disease is probably related, at least in 
part, to the cachexia. Abnormality of hair is not dissimilar in the two 
conditions, but loss of teeth in 36 per cent of the cases of Simmonds’s 
disease is striking in the absence of such change in patients with chromo- 
phobe adenomas. Similarly, progeria, noted in 29 per cent of the pa- 
tients with Simmonds’s disease, ivas absent in the chromophobe ad- 
enoma cases. In fact, chromophobe adenomas sometimes seem to have 
a reverse effect, giving an appearance younger than the actual age 
(ateleiosis) There is no obvious explanation for the higher incidence 

•From the pathologic description of these tumors, it is not unlikely that tliey 
were chromophobe adenomas. 
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of aiiu’iiori'lioa ami loss of libido iti palii'iils willi olii’onu)i>lK)l)e iid- 
cnoina. 

At prosont llicro is iiisunioiont pronnd foi- iiiori; tban speeulafioii on 
the difforonco in the liypopitnilary iiiclui'o jn-oducod l)y tlic.so Im'o con- 
ditions. Altboiigh certain cases of Simnionds'.s disease, os])eciany those 
due to ])ituitary throinbasis, are cbaractorizcd l)y a rapid cotn-so, tlie 
presence of tliis syndroino due to tuinor.s enusinjr byj>opliy.scal destruc- 
tion makes it unlikely that the time factor is of irrcat importance. It 
ai)pears imjirobable tliat the cause of this difference is to be found in the 
im.sterior lobe, .since the neurobypopbysis was reported to be normal in 
GO per cent of the cases of Simmonds’s ili.sease reviewed by Silver." It 
is ]>o.ssil)le that the adenoliypoi)hy.sis is less affected by the ])re.ssui'c of 
an oxpandinii chvomo]diobe adenoma than it is in Sinnnonds's disease, 
even Avlien the latter is due to tumor. However, it is difficult to under- 
stand bow a .sifinificant. amount of normal adenohyjiophy.sis could be 
IJreserved in tlie presence of a huge, sella-cxpandinir adenoma. Even .so, 
one Avould oxi)ect the ditrerence in the syndrome to be one of dejiree 
rather than of kind. It is true that the weight gain, so characteristic 
of patients with chromophobe adenoma, miirht be hypothalamic in origin. 
However, obesity often occuj’s in the alrscncc of any other signs of 
hypothalamic disturbance. There remains the i)ossibilit.v that the dif- 
ference under discussion may be due to the actual elaboration of a hor- 
mone bj- the sup])oscdly functionle.ss cells of the clu-omophobc adenoma. 
To date there is no positive evidence for this. 

Mixed Adcmomi-s . — In 1910, Cu.shiiig’® stated: “. . . in many of the 
cases in Avhich existing hypopituitarism is the striking feature traces at 
least of an early tendency to hyperpit uitarlsm can be detected.” Hott 
and Bailey,-’ on the basis of a study of hypophyseal adenomas from 
Cushing’s Clinic, found 13 examples of mixed adenomas in which “the 
features of acromegaly and of the hypopituitary .sjmdrome develop 
sjmchronously rather than in sequence.” In 1928, Bailey and Cushing® 
reported the results of further studies on this acromegalic type of dys- 
pituitarism and applied to it the term fugitive acromegaly. Tliis syn- 
drome was identified in 22 instances of 100 adenomas studied. A 
method of differential staining was aijplied to these tissues, using neutral 
ethyl-Auolet and orange G, for the identification of alpha granules.' 
The symptoms of fugitive acromegaly are shown in Table IV, based on 
22 cases of Bailey and Cushing.® Aside from the symptoms noted in 
this table, the syndrome of the mixed adenomas is similar to that of the 
chromophobe adenomas. 

The symptoms noted in Table IV are usually mild in degree and the 
clinical picture is generally more suggestive of hypopituitarism than 
the reverse. In fact, most of the cases in Baile.y and Cushing’s® series 
were originally classified as chromophobe adenomas. The symptoms of 
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Table IV 


Mixed Adenomas 
(Bailey and Cushing, 22 Cases) 


SYMPTOJI 

incidence (%) 

Coarsening of features 

36 

Enlargement of hands and feet 

27 

Excessive lieight 

23 

Squaring or tufting of phalanges 

23 

Normal or slightly elevated basal metabolic rate 

18 

Hypertrichosis 

14 

Normal or exaggerated libido 

14 

Excessive perspiration 

9 

Persistent lactation 

5 

Glycosuria 

5 

Spacing of teeth 

5 


hyperpituitarism are best described as traces of aeromegaly, using the 
term acromegaly in a broad sense, covering the entire sjmdrome rather 
than merely the acral manifestations. The microscopic picture is like- 
wise characterized by relatively scant evidence of acidophilic cellular 
activity, fine alpha gramiles iisually appearing as a ring in the periph- 
eral cytoplasm. It remains a matter of speculation whether these ad- 
enomas represent: differentiation within a chromophobe adenoma, de- 
differentiation within an acidophilic adenoma, or a specific mixed ad- 
enoma from beginning to end. Bailey and Cushing® inclined toward the 
last hj^pothesis, suggesting that the alpha cells remain of embryonic 
type. 

Basophilic Ademonas . — Two examples of basophilic adenoma were de- 
scribed by Erdheim,®® in 1903. In his monograph on The Pituitary 
Body and Its Disorders, published in 1912, Cushing described a case 
showing a ‘ ‘ sjmdrome of painful obesity, hypertrichosis, and amenorrhea 
^vith overdevelopment of secondary sexual characteristics.” In the light 
of present knowledge, this patient probably had a basophilic adenoma of 
the pituitary.®^ Several similar cases ivere reported by various authors 
during the ensuing years but pathologic verification of a basophilic 
adenoma in a patient with the syndrome of plethoric obesity, amenor- 
rhea, purpuric ecchymoses and cutaneous striae, facial hirsutes, exoph- 
thalmos, and vascular hypertension was first reported by Parkes Weber®® 
in 1926. However, it was not until several years later (Teel®®) that the 
significance of the small basophilic adenoma was appreciated. Our pres- 
ent knowledge of the syndrome of “pituitary basophilism” is chiefly due 
to the work of Cushing,®® whose contributions to tlie subject have been 
so extensive that the eponjun — Cushing's disease — sometimes applied to 
the condition, is not inappropriate. 

The symptoms produced by basophilic adenomas are tabulated in 
Table V, based upon the review of 47 verified cases from the literature 
and from Cushing’s Clinic, by Eisenhardt and Thompson.®® The charac- 
teristic appearance of these patients includes: round, plethoric face: 
obesity, sparing the extremities; round shoulders or kyphosis; cutaneous 
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stvisu*, in’iuoinutly of Iho lower nlulomoii; iVnutle hh-sntisin. Since the 
presence or alisence of eerijiin symplonis wns not specified in some of 
the ease reports, pereentaetes are ealeulnted on the basis of the nnniher 
of cases in wiiieli speeifie mention of the symptom was found, as well 
as the total number of <-asos. 
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♦PcrccntncG of fciimlo patients with pelvic orpnns present. 
tPcrccntnRO of ailuU male patient.^. 


The syndrome of pituitary basophilism was found liy Ci-ooke’* in 12 
patients whose pituitary jilands showed merely a hyaline chan^m in the 
basophiles. This finding was confirmed by Rasmussen*’'"' in 3 additional 
ca.ses. Convci^tely, Snsman*’’' reported ciglit instances of iia.soplulic ad- 
enoma Avithont evidence of Cushing ’,s syndrome. Finally, a .similar 
.syndrome may occur as tlio result of Jiyjicradrenalism’- "■ or lliymic 
tumor.” In spite of this appavent conflicting evidence, it appeai-s cer- 
tain that tlie syndrome de.scribcd by Ciisliing is mo.st frequently related 
to pathologic ehango.s in the ha.sophile.s of the pitnitaiy gland. In fact, 
Crooke*' found that the characteristic hyaline change of the cytoplasm 
of the basophiles of tlie anterior lobe of the pituitary was present in all 
clinical examples of the .syndrome, Avhether associated with pituitary, 
adieiial, or thymic tumor or in the absence of any endoeriiic adenoma. 
It is of interest that this liyaline change does not appear in the cells 
composing a basophilc adenoma but is found in the basojihilcs of the ad- 
jacent anterior lolio. The recent article by Thompson and Eisenhardt” 
confirms Crooke’s findings (Table VI). Tlie physiologic significance 
of the Crooke changes is subject to two interpretations; (1) an ex- 
pression of altered pliysiologie activity (Crooke) ; (2) a degenerative 
change following a period of physiologic overactivity of the basophiles 
(Severinghaus and Thompson'®), 

In spite of tlie extensive experimental and clinical work upon the 
physiologj^ and pharmacology of tJie pituitary body, critically digested 
by Van Dyke®^ on two occasions, sufficient definitive data are not yet 
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Table VI 


Vekified Cases of Cushing Syndro^ie to 1940 
(Thompson and Eiseniiardt) 


ASSOCIATION 

WITH TUMOR 

TOTAL NO. 

OF CASES 

PEKSONAIj EXAMINATION' 

OF PITUITARY 

NO. OF 

CASES 

NO. OF CASES 
WITH CKOOKT. 

change 

Pituitary adenoma’ 

60 

39 

35 

Adrenal tumor 

22 

n 

11 

Thymic tumor 

r> 

O 
• i 

3 

Arrhenoblastoma 

1 

1 

1 

ICo tumor of any gland 

12 

9 

8 

Total 

ns 

03 

58 


•Of tlip GO pitiiitao’ adenomas, ‘19 were reported as basophilic. 


available to allow interpretation of the component parts of the sjmdrome 
of pituitary basophilism. Identification of the basophiles with a gonado- 
tropic function of the anterior pituitary was suggested b.v AddisonV 
observation of vacuolization of basophiles following castration in the 
rat.*' Confirmation was added by Engle ’.s-'’ discovery of increased 
gonadotrophic potency of pituitary glands obtained from castrated 
rats. Smith’s®® demonstration of greater sex-maturing potency in the 
basophile-rich central core of the bovine anterior lobe, compared with 
that of the acidophile-rich rind, sixpplied further evidence. However, 
the direct application of these experimental data to the syndrome of 
basophilism is confusing in view of apparent diminution of sex functions 
in^ clinical eases, t The appearance of a similar s.vndrome in certain 
patients with adrenal tumor suggests that parts of the clinical picture 
may be mediated through the adrenal glands. In fact, hypertrophy 
of the adrenal cortex, especially the zona fascicularis, has been a strik- 
ing feature in most instances of basophilism. Other portions of this 
confusing clinical syndrome will be discussed later. 

POST-MORTEM FINDINGS 

Acidophilic Adenomas . — Additional data concerning the endocrine 
effects of pituitary tumors have been obtained from post-mortem 
studies. In spite of numerous individual case reports, there are sur- 
prisingly few studies based upon a significant number of cases. A strik- 
ing exception is found in the monograph on acromegaly by Atkinson,® 
containing analysis of 265 post-mortem examinations. Unfortunately, 
the source material was apparently not suitable for statistical purposes, 
although data such as the following occasionally appear; The thyroid 
in 14:1 cases of acromegaly was hypertrophied in 57 per cent, cystic in 
19 per cent, normal in 16.3 per cent, and atrophied in 7 per cent; the 

•Basophilic castration cells do not appear in the gaiinea pig (Severinghaus).'< In 
man, the situation is confusing (Kon« and KSssle®), in fact some reports (Philipp'-^) 
suggest that the castration effects may appear in the acidophlles. 

f Precocious adolescence, at 10 years of age, was present in Cushing’ s“ case 
(A. D.), hut this was followed by amenorrhea three years later. 
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tliymus in S)S cnsc-s was ))ei\sis(cjU in 54.0 i)ei' cent. Other eiulocritic 
organs arc incnlioned as follows: The pancreas has heen described as 
indurated, enlarged, normal, or showing islet atrophy; the adrenals 
have been described as normal, atro])hicd, enlarged, or containing 
cortical adenomas; the parathyroids are occasionally enlarged; the 
ovaries have been described as cystic, fibrotic, .sclerosed, or degenerated. 

In order to obtain more informative data on the ])ost-mortem findings 
in acromegaly, from the endocrine aspect Table VII was compiled from 
the .studies of Cushing and DavidofC* and of Coldbcrg and ]ji,s.scr.^® 
Thc.se post-mortem findings serve to cm]»hasizc ccitain specific effects 
of acidophilic adenoma of the jiituitary uimn the other endocrine or- 
gans. The divereo endocrine chantres a])])car to indicate th.at these 
effects are not merely an cxpi-e.ssion of general organomegaly, although 
enlargement of organs is as much a characteristic of the disea.se as is 
skeletal overgrowth. Examples of the enormous size, which may he at- 
tained by organs of acromegalics are a liver of 6200 Gm. (Goldberg and 
Lisser^®) and a heart weighing 3275 Gm. (O.sbornc®*’). 1'hc importance 
of cai'diomegnly was emphasized by Courville and itla.son,’'’ wlio reported 
evidence of marked heart failure in 75 per cent of 24 patients witli 
acromegaly, 6 of whom died of heart failure with eardiomcgaly. 

Thyroid . — Of all the endocrine organs aside from tlic ])itnitary itself, 
more data, are available on the thyroid gland in acromegaly. The 
analysis of Atkinson*^ has already heen mentioned. The trend toward 
colloid or adenomatous culargoment of the thyroid, shown in Table 
VII, is confirmed by the studies of Davis-“ on Uie thyroid gland in 166 
cases of acromegaly. The thyroid was enlarged in 52 per cent, with 
basal metabolic rate greater tlian +10. Thyroidectomy was done in 27 
cases (5 deaths), 26 of the glands being adenomatous and 23 colloid in 
type; only 3 glands were hjq>erplastic. The reduction in basal 
metabolic I’ate after thyi-oidectomy Avas less constant and less in degi’ec 
than in hj’perthyroidisin witliout acromegaly. Concerning the thyroid 
enlargement in acromegaly, Cushing and Davidoff-^ stated: . out 

of 45 cases Avhieh we have tabulated, the gland was below normal weight 
only in ... 2 eases . . . ; whereas it was said to have been ‘large’ or ‘very 
large’ in 11 cases; and in the other 29 in which the weights Avere given 
the average Avas 129 Gm. The largest recorded thyroid Avas in Geddes’ 
ca.se (1909)^® of 312 Gm ” 

Parathyroids . — There are very fcAV reports on tJie state of the para- 
thyroids in acromegaly. These glands Avere mentioned in 3 of the 8 
cases summarized in Table VII, being normal, largo, and adenomatous, 
respectively. The “normal” gland AA^as reported as shoAving a sugges- 
tion of proliferative activity. Slight enlargement of the parathyroids 
Avas described by Eeinhardt and Creutzfeldt,®® and .Bartlett.® A para- 
thyroid adenoma Avas recorded by Josefson.*^ On the basis of present 
information it is possible only to state that the parathyroids may be 
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enlarged or iulcnotiuUons in acromegaly. Jt is hojied tlial future ])o.si- 
inorlcin report.s will include the condition of these glands. 

2'/it/Hi HA'.— Enlargement of the thynnis is a frequent finding in 
aeronu'galy; the rejiorlcd pci'sistence of the thymus in .04.0 per cent of 
9S cases l>y Atkinson'- has already hcon mentioned. The thymic enlarge- 
ment was so .striking in the ease of Frit.sche and Klehs/'^ reported in 
3SS4, that the tliymus was thought to he the causative agent. Even 
Marie''' was impre.ssed by the thymic enlargement in acromegaly. The 
thymus was large in 4 of the G case.s in Table YII in which its condition 
was recorded; the weight of the organ was 78 f.'m. in Chishing and 
DavidotV’s tiase 3. The signifieuncc of the. thymic enlargement in 
acromegaly is not clear, since .similar enlargement may occur in the re- 
vei'se .state of hypopituitarism. 

AdrennU. — Enlai'gcment of the adrenals was noted in G of the 7 cases 
in Table VII in which their size was recorded. The greatest comhined 
weight was 43 Gm. in Ousliing and Eavidoff's Case 2. Adrenals of com- 
hined weight of 57 Gm. were reported in an acromegalic by Sehultze 
and Fischer.'^ Cortical adenomas were prc.sent in 6 of the 8 cn.ses 
(Table VII), It i.s aiijiarcnt that adrenal liypcrlrophy, often with 
cortical adenomas, is charaetovistic of acromegaly. 

Pancrca^s . — Faucrcatic enlargement was noted in 2 of 5 ease.s shown 
in Table VII, coinciding with Cushing and Davidoff’s*^ calculation of 
an average weight of 143 Gm. in 14: ease I'cjiorts, analyzed by them. 
The heaviest pancreas weighed 250 Gm. (Launois and Roy'’)- It is not 
unlikely that pancreatic enlargement is merely one manifestation of 
acromegaly. The islands of Langerhans have been described as hyper- 
ti’ophic in some cases of acromegaly. This was true in 1 of 5 cases 
(Table VII) ; in the remaining ea.se.s the islets were normal in 2 and 
.scanty in 2. 

Clinical diabetes was present in 4 of the 8 cases and transient in a 
fifth case; 1 patient died in diabetic coma. The incidence of diabetes 
mellitus in 153 eases of acromegaly was found to be 17 per cent by 
Coggesball and Root’’; glyeo.suria was present in 36 per cent. These ob- 
servers reported that diabetes was the direct or indirect cause of death 
in 7 of the 17 known dead among their 26 diabetic acromegalics. 

Gojia-ds . — Atrophy of the gonads was noted in 5 of 7 cases in Table 
VII. The microscopic findings in the testes were as follows : Case 1, nor- 
mal spermatogenesis and great excess of the interstitial cells of Leydig; 
Case 2, atrophy with no formed spermatozoa and only a few scattered 
cells of Leydig; Case 3, advanced atrophy of the tubules with no dif- 
ferentiation of the cells, hyalinization of the interstitial tissue with no 
cells of Leydig; Case 6, mitotic figures present in the cells of the semi- 
niferous tubules and normal cells of Lej'-dig. 

The findings in the ovaries were as follows : Case 4, ovaries small and 
fibrous; Case 7, ovarian tissue replaced by corpora albieantes and 
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fibrous tissue, germinal follicles absent ; Case 8, dense stroiiict without 
e\ddence of germinal epithelium or follicle development, two small cysts 
lined with epithelium. Cushing and Davidoff^^ described the ovarian 
findings in a case previously reported by Cushing.®® In this instance 
the ovary might have been “regarded as nonnal were it not for the his- 
tory of 3 yeai-s of amenorrhoea.” ..There were 4 large, fully developed 
Graafian follicles, the ova of w][iie)i appeared normal and ready,. for 
o%Tilation. There were no corpora atretiea and only one or two faint 
relics of old corpora albicantia. It appears that both testes and ovaries 
may be affected in various degrees in acromegaly, the microscopic picture 
of these organs varying from normal to advanced atrophy^ 

Chronioplwhe Adenoma.’i . — ^Although chromophobe adenomas are much 
more common than the acidophilic type, veiw few post-mortem reports 
are available in the litcratiire. Cushing and Davidoff®^ stated that they 
had “only two autopsies to draw upon for desired information.-' ' These 
were appai-entty Cases 5 and 15 in Cushing’s®® monograph on the pitu- 
itary body (1912). The findings in these cases rvill be mentioned 
later. In order to obtain,, a more comprehensive view of the endocrine 
post-mortem findings in eases of chromophobe adenoma, Table VIII was 
compiled from the autopsy protocols of 9 cases of Cushing’s series in 
the Brain Tumor Registry, Yale Univei-sity School of Medicine.* 

Thyroid . — The thyroid gland was small or atrophied in 4 of 8 cases, 
in 2 of which fibrosis was noted. It was likewise small in Cushing’s 
Case 5, but there was excess of colloid in distended acini. The gland 
was normal in 3 instances, in 2 of Avhich the colloid was mentioned as 
being abundant. Enlargement of the thyroid was observed in 1 case, 
the acini being distended with colloid. The trend is obviously toward 
inactivity of the thyroid gland although an abundance of colloid is not 
unusual. 

Parathyroids . — Specific reference to the parathyroids Avas found in 
only two protocols. They were normal in 1 case and fat cell replace- 
ment was noted in the other. Further information concerning the para- 
thyroids is certainly desirable. 

Thymus . — The thjmus was unusually large in 1 case, its Aveight being 
40 Gm. It measured 5x3 cm. in a second ease. .Prom the absence of 
specific mention of the thAunus in the other protocols, it maj^ be as- 
sumed to have been small or absent. In Cushing’s Case 5 it Aveighed 
30 Gm. and shoAved extreme hjiAerplasia ; in his Case 15 it AA-^as repre- 
sented bj' mere shreds of involuted thymic tissue, containing an occa- 
sional Hassall corpuscle. It must be admitted that thymic persistence 
or eA^en enlargement may be obseiwed oecasionallA' in conjunction AAuth 
chromophobe adenoma of the pituitarj*. 

Adrenals . — The adrenals AA'ere small or atrophic in 5 of 8 cases and 
normal in 3. In one instance the atrophy Avas noted to be chiefly in the 

•*With the hind assistance of Dr. Louise Eisenhardt. 
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fascieuUu’ zone oi' the cortex; another showed slight cortical fibrosis, 
while a third was described as having atroi)hy of both the cortex and 
inedwlla. One pair of “small” glands (5 and 6 Gni.) revealed nonnal 
stvnctxu'c microscopically Imt the cells contained “considerable lipoid.” 
The adrenals in Cushing’s Ca.se 5 were described as “very large,” with 
“extreme fatty degeneration of the reticular cells”; the medulla was 
“exceedingly small” but the cells appeared normal. In his Case 15 the 
adrenals were “practically normal.” The slight but definite tendency 
toward adrenal atropliy in the presence of chromophobe adenoma of 
the pituitary is in striking contrast to the reverse tendency in acido- 
philic and basophilic adenomas. 

Pancreas.— -The pancreas was reported to be normal in 7 of 9 cases. 
In one of the remaining cases, slight diffuse filnnsis includiug the islands 
of Langerhans was described; in the other, some of the islands were 
“enormous.” In contrast to this last ease, Cushing’s Case 5 Avas de- 
scribed as “islets inconspicuous, small, apparently normal.” It appears 
that the pancreas may l)e expected to he normal in the presence of a 
chi’omophohe adenoma of the pituitary. 

Gomds . — Atrophy of the gonads was noted in 6 of 7 cases. In the 
remaining case, one testicle Avas undescended, small, firm and atrophic; 
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llie other was normal. Tlie hisloloj'ic pielnre of the testes was as follows : 
C. W., moderate atrophy and fibro.sis with almost eomplete absence of 
si)ermatogene.sis ; AV. C., “not. mneh sj^ermatogenesis”; F. K., atrophy 
with loss of germinative cpithcliinn, intcnstitial cells not identified; 
B. K., inactive spermatogenesis. In Cnsliing’s Case o there was ab- 
sence of interstitial cells, normal tnbnles, Sertoli cells ]n'esent, and .some 
spennatozoa. In his Case 15 there were “normal tnbnles and spermato- 
zoa bnt no interstitial cells which can be identified as such.’’ 

The ovaries were atrophied in both women in the series. C. K. had 
a menopause at the age of 52 and was operated upon for a chromojdiobe 
adenoma of the jiitnitary at the age of 53 years. She died of cardiac fail- 
ure in her fifty-eighth year and the ovaries were “small and atrophic..’’ 
j\I. J. had onset of amenorrhea at the age of 30 years and a trans- 
phenoidal removal of a pituitary adenoma was done at the age of 40 
years. She died from septicemia, the result of urinary infection, six 
weeks later. The right ovary was I’cplaccd by a large cyst ; the left 
ovary was gro.s-sly atrophic but its histologic characteristics were not 
included in the protocol. Unfortunately neither ease is suitable for an 
analysis of the ovarian changes a.ssoeiated vnth chromophobe adenoma 
of the pituitary. In the male, gonadal atrophy is a .striking feature; 
it is probable that this is likewise true in the female. 

Basophilic Adenomas . — In spite of the fact that the basophilic ad- 
enoma has been recognized sis a clinical entity only since 1932 (Cush- 
ing^®), a considerable body of information has been accumulated con- 
cerning the i)Ost-mortcm findings. Tins is due cliicfly to Eisenhardt 
and Thompson,^® and to the stimulating influence of Cushing. Table IX 
is compiled from the tabulation of Eisenhardt and Thompson,^* based 
upon the post-mortem findings in 67 cases of ]>ituitary basophilism, 47 
of the patients having basoi)hilic adenomas of the pituitary. Those pa- 
tients having merely microscopic conglomerations of basophilic element.s, 
sometimes described as adenomas, were exchided from consideration by 
Eisenhardt and Thom23son. 

Pituitary . — Basophilic adenomas rarely attain sufficient size to ex- 
pand the sella turcica or extend above the diaphragm sellae. Compres- 
sion of the I’emaining ijortion of the pituitary gland is not a .striking 
feature. The most frequent effects noted in the gland itself are the 
Ci’ooke^" changes. This hyalinization of the cytoplasm of the basophilic 
cells of the anterior lobe was definite or questionable in 95 per cent of 
the 44 cases in which the protocols included it. Its significance was 
interpreted by Crooke^' as an expression of altered physiologic activity 
of the basophilic cells. Severinghaus and Thompson'" were of the 
opinion that the Crooke changes represent degenerative manifestations 
follovdng a period of physiologic overactivitj- of the basophiles as a 
reciprocal consequence of inactivation of certain .subsidiary ductless 
glands. , 
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AiJrcudls. — Ilyiici'iiljisia of llic julronnls wis notod in ,8'^ ]>ci’ of 
tlie 35 cases in Avliich this fcalurc was inehided in llio prolocols. An ex- 
ample of the extreme decree of adrenal enlarsiemenl which may occur 
is the case of Pa^ro, Poherts, and Bigmirf.*” with adrenal weights of 
26 Gm. for the rigid gland and SJ- Gm. for the left. Fnrthorinoro, 
adrenal adenomas were jirosenf. in 17 i)er cent of the 35 cases. Although 
the tyi)e of adenoma was not .sj^ceificd in most of the cases, they were 
pre.siimahly cortical in origin. There can he no doubt that adrenal 
hyperplasia is a ])romihoht feature of the endocrine complex a,ssoeiated 
with basophilic adctioma of the ]>itnilary. 

Gonads . — Gonadal atrophy was rc])orted in 85 jier cent of 33 cases in 
which the protocols contained a definite statement concerning this 
feature. There was a .slight sex difference, atrophy being noted in S 
of 11 males compared with 19 of 22 females. Atrophy of the gonads 
is unquestionably an outstanding element in the pathologic picture of 
the basophilic adenomas. 

Parathyroids . — Specific reference to the parathyroids appeared in 
22 instances, the glands being described as normal in 54 per cent. At- 
rophy was noted in 23 per cent while hyperplasia or adenoma formation 
occurred in 23 per cent. The presence of parathyroid adenomas in 4 
of the 22 cases is likely significant in vicAv of the skeletal decaleification 
which appeared in 85 per cent of the entire series of 47 cases (Table Y). 

Thymus.— TliQ state of the thymus was noted in 20 cases and was re- 
ported as atrophic or absent in 90 per cent, of this number. It was 
“large” in 1 patient, a male of 19 jmars of age, and “.per.si.slent ” in 
another, a female aged 20 years. 

Thyroid . — The thyroid was described in 34 cases and was reported 
to be inactive (13 eases) or small (3 cases) in 47 per cent. The thyroid 
was large (4 cases) or a colloid goiter (8 cases) was present in 32 per 
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cent. The gland was proliably noi-mal (5 cases) in 35 per cent, although 
“abundant colloid” was mentioned in 1 of these. Adenomas (2 cases) 
were found in 6 per cent. The variability of the post-mortem appear- 
ance of the thyroid gland is not surprising in view of the divei’se find- 
ings concerning basal metabolic rale: Above -!35, 25 per cent; below 
-15, 25 per cent (Table V). 

CLINICAI., I’ATHOLOGIC AND EXPERUrENTAD CORRELATION 

Critical surveys of the field of pituitary endocrinology have been 
published by Van Dj'ke'’^ in 1936 and 1939. Tlie Association for Re- 
search in Nervous and Mental Disease^'' published a monograph on the 
pituitary gland in 1938. hloi'e recent dcvelojmients in Ibis field have 
been covered in the yearly volumes of llic Annual Revie'w of Pliysiology 
by Evans, Thomson and Collip,®‘ Soskin,®' Riddle,®' Long,®® Hisaw 
and Astwood,"'- Houssay and Deulofeu,"'® Pfeiffer,®- and in brief reviews 
by Collip” and Young.®^ Tlie literature for 1940 to 1942 ha.s been re- 
viewed by Hildebrand and Rynearson.^‘ In spite of an amazing amount 
of experimental studies upon the endocrine functions of the hypophysis,^ 
sufficient data are not yet available for complete explanation of all clini- 
cal and pathologic findings previously discussed. Apparently contradic- 
tory results in some instances are due to species diffeiences in cxjieri- 
mental animals. Another source of conflict is the diverse melliods of pre- 
paring pituitary extracts. On the basis of the physiologic actions of 
such extracts, at least sixteen effects might be ascribed to the anterior 
hypophysis as follows: (1) stimulation of general body growth: (2) 
thyrotropic effect; (3) probably two gonadotropic actions; (4) adreno- 
cortical effect; (5) adrenomedullary effect; (6) mammary secretory 
action; (7) diabetogenic, (8) ketogenic, (9) glj^cotropic and glyeo- 
static actions; (10) liver fat and (11) blood lipoid effects; (12) in- 
hibition of insulin hypoglycemia; (13) inhibition of adrenalin hyper- 
glycemia; (14) lowering of respiratory quotient ; (15) specific metabolic 
principle; (16) chromatophore- and erythrophore-expanding effects. 
In spite of this imposing list of physiologic effects, it is likely that not 
more than three, and probably only twm cell types, acidophilic and 
basophilic are responsible for the elaboration of anterior pituitary hor- 
mones. 

Several factors merit consideration in evaluation of the results of ex- 
perimental studies on the effects of anterior pituitary extracts. None 
of the anterior pituitaiy hormones have been syntliesized and few have 
been isolated in a form approaching chemical purity. Many of the 
extracts, although having phj'^siologic effects, have not j^et been i^roved 
to be true hormones. The response of the endocrine system in general, 
to these biologic products, undoubtedly influences the resultant physi- 
ologic picture. In fact, the subsidiary endocrine responses may in turn 

‘The neurohjTiophysis is omitted from this di.scussion since tumors do not aiise 
in the posterior pituitarj'. 
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alter the funetion of the hYpophysis. 11 is i\ot stirprisitifr, therefore, 
that lunnerons piiysiolosie fnnetions have been attributed to (he an- 
terior pituitary. However, tlie opinion of sneli aulhoritie'; as Collip’* 
and Sevcriutihaus''' suujie.sts tl\at the number of true anterior lobe lior- 
mones must bo very small. The various physiohtiiie etVccts may be rep- 
re.sented by different tirouiuufis in two or three iirotciii sub.stanees, the 
true anterior lobe hormones. 

The ]utuitar.v is now well rceo!»nized as the master frlaud of the eiulo- 
eriue system, a role foreeast b.v Cu.shinir many years aijo. Tiic aeeumu- 
hition of a large body of clinical, pathologic, anatomic, ph.v.siologic and 
biochemical studic.s upon this gland allows, at this time, a considerable 
degree of correlation in terms of specific cellular function within the 
h>']>ophysis. There is sound anatomic evidence (Severinghaus''’) for the 
belief that a secretory cycle noi-mally occurs in the cells of the anterior 
piUiitary, the chroino])hobcs becoming acido])hilcs or basophiles by a 
pi'occss of granulation; later returning to the chromophobe state through 
dcgranulation. The proportions and appearances of the actively secret- 
ing acidopliiles and basophiles arc .strikingly infiucnccd by such changes 
as pregnancy, castration, h.vpertliyroidism, or thyi'oidcctomy. C.vtologic 
.studies indicate that the chromophobes catinot be regarded as actively 
secreting cells. At present, indirect experimental evidence must be 
relied upon to corroborate the clinical and pathologic findings in regard- 
to the specific physiologic secretions of tlic acidopliiles and basophiles 
respectively. The effects of injections of extracts prepared from human 
acidophilic and basophilic adenomas might be expected to yield valuable 
information in this respect; a start in this direction has alreadj’- been 
made by Kraus.®” The anterior pituitary of the dwarf mouse, com- 
pletely lacking acidopliiles (Smith and I^IacHowell®®), likewise might 
be suggested for similar experimental use. 

Groiotli . — Clinical and pathologic evidence — gigantism, acromegaly, 
organomegaly— presents strong support for the belief that a growth 
hormone is produced by the acidopliiles. The experimental evidence 
begins with the studies of Smith,*® in 1918, demonstrating that the 
growth rate of tadpoles was accelerated by anterior pituitary feeding. 
In 1921, Evans and Long®" showed that mammalian gigantism could 
be produced in the rat by long-continued injection of a simple extract of 
the anterior pituitary. Two years later Smith and Smith®® found that 
groivth-promoting effects could be produced by ox pituitary tissue com- 
posed of acidopliiles and chromophobes but not by tissue composed of 
basophiles and chromophobes. The absence of acidophiles in the pitu- 
itary of dwarf mice (Smith and MacDowell®^ has already been men- 
tioned. 

More recent developments indicate that the growth factor may be 
separated from other fractions of pituitary extracts. The chief func- 
tion of the groudh hormone appears to be the general control of orderly 
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body growth. Epiphyseal closure follows hypophy.see(oiiiy and lliis may 
be prevented in experimental animals Iw injections of the growth fac- 
tor. The growth effect of anterior pituitary e.xtracis is absent in thy- 
I’oidectomized rats and is increased by the combination of growth and 
thyrotropic factors. Human gigantisnr may l)c arrested and epiphyseal 
closure effected by administration of testosterone. Growth is dc]U'esscd 
by estrone or estradiol therapy; however, immense doses of estrogen 
are followed by acidopliilic hyperi)]asia of tlie human anterior pitu- 
itary. Ctrowth ceases in intense diabetes in spite of injections of an- 
terior pituitary extract containing the growl li factor. 

Gonads . — Clinical and pathologic .studies leave little doubt that 
gonadal function is altered — amenorrhea, inprotentia, loss of libido — in 
the presence of either acidophilic or baso])hilic adenomas of the pitu- 
itary. However, the exet nature of this alteration is not clear at present. 
The microscopic picture of the gonads in acromegaly varies from nor- 
mal to advanced atrophy; the atrophy, in the testes, apparently in- 
volves both tubules and interstitial cells. The cytologic changes in 
the gonads in pituitary baso])hilism is likewise uncertain. Of f6 cases 
reviewed by Cushing-* the ovaries were "senile” in Case 3; there was 
"follicular atresia” in Case 4; they were "small but histologically 
normal” in Case 6; in Case 7 "the ovaries were enlarged ai)parently 
from increase in stroma; there was a single large corjius luteum with 
a small central hemorrhagic area and several smaller ones in various 
stages of organization.” The testes in Case 9 showed "fibrosis with 
atrophic changes, though .some active spermatogenesis was still pres- 
ent”; in Case 10 .spermatidcs, spermatoblasts, and s])ormatozoa were ab- 
sent and the interstitial cells were diminished. 

Cytologic studies of the pituitaiy following castration in the rat 
reveal a marked increase in the number of basophiles, with vacuolated 
cytoplasm, and a decrease in size and ninnbei- of acidojihilos. Similar 
changes in the basophiles of the castrate human hypophysis were found 
by Biggart,’* but varying re.sponse of the acidophiles was noted. The 
cellular changes in the hypophysis of the guinea pig during pregnancy 
have been shown by Kirlnnan'*® to consist of an increase of degranulated 
basophiles rich in mitochondria — evidence of active secretion; prior to 
parturition a significant increase of acidophiles occurs. Similar changes 
have been noted in the human hypophysis by Severinghaus.*'* The 
correlation of these changes with the physiologic evidence of large quan- 
tities of gonadotropic hormone aijpearing during pregnancy is com- 
plicated by the fact that a luteinizing factor (prolan) is produced by 
the chorionic epithelium of the placenta. However, it appears that the 
anterior pituitary produces a luteinizing factor, at least during the 
early phase of pregnancy; there is reason to believe that this factoi- is 
elaborated by the basophiles. The hypophysis of the human fetus, lack- 
ing basophiles,’ appeai-s to contain small amounts of follicle-.stimnlating 
hormone but no luteinizing hormone (Philipp"*). 
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Rocont cxporiinoiil.'il (Irvt'lojjiiu'iR.s. l);isc(1 ujxui llir j)ioii('(‘r work of 
Smith and Enclo'''’ and Zondok and Asrliluhin,"' indicate that two scji- 
nraide fractions (^f <:onadotroinc honmmo arc pvoi)ali!y produced by the 
nnt(’nor ]ntuitary: (1) follicle-slimnlatinir honnoiie (l''.S.n.'). nreesHary 
for follicle maturation; (2) Inteijiizinir hormone (L.IL). A third fac- 
tor (lentotropin) has been .sneriiested, necessary for the secretion of 
pro; 4 estcrone by the corpus Inteum, and possibly related to the lactojienic. 
factor (»f the anteritir pituitary. Tubular 'growth in the testes is de- 
pendent n)ion the follicle-stimulating facten-; the biteiniziiif: factor or 
interstitial celi-slimulatinc: hormone (l.C.K.ll.) is i'es])onsible for main- 
tenance of the interstitial cells of the testes and ju'odni'tion of male hor- 
mone. The ]>rodnction of esti-oucn by iiiowip" ovarian follicles is de- 
pendent upon the. combination of h'.S.lI. with a small amoinit of L.Il. 
Ovulation and corpus lute\im formation veriuirc a level of L.H. much 
hiirhev than that ncce.ssary to maintain the inter.slitial cells of the ovary 
or te.stis. Numerous studies have been made upon the effects of e.strofien 
therapy upon the pituitary. There ai'c cylolo,i>ic evidej)ce.s for incrca.sed 
.secretory activity by both acidopbiles and ))a.soi»biles. especially the 
latter; cxcc.s.siYe do.ses of estrogen may re.sul| in e.Ntreme enlarfrement 
of the pituitary and “adenoma" formation. The deci'ca.se iji F.B.II. 
and L.n. potonoy of the jntuitary (animals and hmnnn) followiiifr 
estrogen thera])y may be oxidained by rolea.se of gonadotrojiie hormone 
from the pituitary (Severinghaus”). Testosterouc apparently deeronses 
the gonadotropic potency, especially L.IT. of tlic rat ]>itnitary. 

Thyroid . — Tlie frequent occurrence of thyroid oiilargcmcnt, usually 
of the colloid Iatjo, and incrca.sed ba.sal metabolic rale in acromegaly 
suggest that a tliyrotro])ic factor may be secreted by tlie acidopbiles. 
The effects of pituitary ba.sophili.sm upon the thyroid are Ic.ss constant, 
although the thyroid is enlarged in about onc-tliird of the cases and tlie 
basal metabolism elevated in about one-fourth. 

Cytologic studies of the anterior pituitary after thyroidectomy in- 
dicate that both types of chromophiles are affected; there are loss of 
acidopbiles and castration-like changes in the basophiles. Experimental 
hyperthyroidism results in evidences of increased secretory activity 
of the acidopbiles, but the basophiles demonstrate castration -like changes 
with increase in size and number and A^acnolization. 

Experimental evidence for the dependence of thyroid activity upon 
the anterior pituitary, previously suspected, was placed ipDon a sound 
basis by Smith.si The thyroid atrophies after hypophysectomy and 
the basal metabolic rate is decreased. Hyperplasia of the thyroid and 
increased basal metabolic rate follow injections of appropriate anterior 
pituitary extracts. The thyrotropic factor appears to be a separable 
fraction of the anterior pituitary, affecting the thyroid by: (1) in- 
fluence on the rate of discharge of secretion and (2) changes in the 
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morphologic structure of the gland. However, the thyroid re.sponsc to 
iodine is retained after hj*pophj"sectomy. Thyroidectomy appeal's to 
suppress P.S.H. in the male mouse pituitary. 

Adrenals . — Hyperplasia of the adrenals is a prominent feature of the 
post-mortem findings in both acromegaly and pituitary basophilism. 
However, it is difficult to ascribe specific features of the respective 
clinical syndrome.s to the adrenal pathology. The similarity of the 
clinical pictures of pituitai'j’^ basophilism and of certain adrenal cor- 
tical tumors would appear to be more than a mere coincidence. How- 
ever, the most striking adrenal hyperplasia is found in conjunction ■ivith 
acidophilic rather than basophilic adenomas. There is a definite tend- 
encj' toward the formation of adrenal cortical adenomas in both in- 
stances. Cytologic changes in the human anteifior pituitaiy in adrenal 
insufficiency appear to involve a considerable reduction in the number 
of both aeidophiles and basophiles, with the appearance of abnonnal 
transitional basophiles. 

The experimental work of Smith®- demonstrated that adrenal cor- 
tical atrophy, following hypophysectomj', could be prevented by intra- 
muscular implantation of fresh rat pituitaries. The pituitary is neces- 
.sary for the compensatory hj-pertrophy of the remaining adrenal after 
unilateral adrenalectomy. The adrenocortical factor appears to be a 
separable fraction, distinct from the thyrotropic factor. The existence 
of a medullotropic factor has been suggested by Collip.^® Eecent de- 
velopments suggest that pituitary basophilism may be differentiated 
fx’om certain cases of masculinizing adrenal cortical tumors by the great 
increase in 17-ketosteroids in tlie latter. Castration is followed by a 
reduction in 17-ketosteroids. 

Pancreas . — The high incidence of decreased sugar tolerance, gb'co- 
suria, and diabetes mellitus in both acromegaly and pituitary basophil- 
ism suggests the possibility of a direct effect of the anterior pituitary 
upon the islet tissue of the pancreas. Post-mortem findings in the 
pancreas of acromegalics have been equivocal; there are insufficient 
data to evaluate the state of the pancreas in pituitary basophilism. The 
results of cytologic studies of the anterior pituitarj’-, following pan- 
createctomy or repeated injections of insulin, have been rather con- 
tradietoiy with respect to the nature of the cell changes, but consistent 
in implicating the aeidophiles. 

Experimental evidence begins with the demonstration by Houssay 
and Deulofeu,^® that hjqxophysectomy increases the sensitivitj- to in- 
sulin and diminishes the severity of diabetes following panci’eateetomy ; 
that the reverse effects may be produced by administration of suitable 
anterior pituitarj- extracts, eventually leading to a diabetic state. Later, 
it was shown by Young®^ that a permanent diabetic state can be pro- 
duced by repeated injections of appropriate anterior pituitary prepara- 
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tioiis, willi coiisequont (lopk-Iion of I ho oytoplasinio fir.'iiiulos of Ihc beta 
oolls mul liyalino roiilnoomont of tho islofs of Lanuorlians. The insulin 
oonlcnt of such oriians is much reduced but normal islet tissue may 
be restored by insulin treatment. Tiiere apjmar.s to be an earl.v jdiasc 
in the islet res]mnse to anterior pituitary extract durimi which the islet 
tissue and insulin content of tho i)ancroas are ijicreascd. There is reason 
to suspect that the diabeto^oJiic and ]>ancreoiropic j)rinciplcs are closely 
related to the prowl h-prnmolinf' factor of the anterior ]iituitary. 

Tlnimvs . — The frequent enlargement of the thymus in acromegaly 
is difficult to evaluate in view of the occasional thymic enlargement in 
ebromopbobe adenomas. 'I'liymic alro]>by apjiears to be the rule in 
basophilic adenomas.*' ' (tylologio studies indicate that administration 
of thymus extract is followed by a definite increase in the percentage 
of ])ituitary aeidoj^hiles in young rats, es]-)ecialiy males. Experimental 
ceidonco is somowhul confiJoting but lbe?-o K- a suggestion ihni ihc thy- 
mus ’|)romotes growth and development. Administration of anterior 
intuit ary extracts hastens thymic involution ('xcejit in dwarf mice, whore 
the anterior pituitary growth factor causes thymic proliferation. How- 
ever, hypophyseetomy accelerates involution of the thymus in young 
dogs.or rats, but thymic hypertrophy may occur in adult rats. Atrophy 
of the thymus is produced by injectioms of testosterone proprionatc or 
esti'ono, in rats, while hypertrophy follows castration. 

Parailnjrouh . — The high incidence of skeletal deealcification in pitu- 
itary basophilism suggests the possibility of parathyroid involvement ; 
in fact, parathyroid hyperplasia or adenoma formation were present in 
a significant number of eases. However, the few studies which have 
been reported on calcium and phosphorous balance- in pituitary baso- 
philism have failed to reveal abnormalities as striking as those of hyper- 
parathyroidism. Parathyroid hyperplasia or adenoma formation has 
been noted occasionally in acromegaly. 

A study of the pituitary changes in male rats after parathyroidectomy 
or repeated in.iections of parathyroid lioi'inonc suggests that the former 
is followed by an increase in acidophiles, the latter by a decrease in 
these cells. Cytologic studies of the parathyr-oids in experimental an- 
imals suggest that parathjn^oid atrophy may follow liypophysectomy 
while hypertrophy of the grandules Avith hyperplasia of the eliief cells 
has been reported after in,iections of anterior pituitary extracts. Hoav- 
ever, similar effects are produced by injections of pregnancy urine 
or estrone. Effects upon calcium lev-els are equivocal. Caleemia and 
hypercalcification of bones may be produced in some animals by estro- 
gen; the bone changes are inhibited by te-stosterone.^^ It may be sig- 
nificant that estrogen has been reported to be decreased or absent in 
Cushing’s disease, and the urinary androgens increased.® 

Mammary GZands.— Occasional instances of persistent lactation have 
been reported in acromegaly; mammary hypoplasia is not infrequent 


Cushing’s syndrome was present In 3 cases of thymic tumor (Table VI). 
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in patients with chromophobe adenomas. Experimental evidence in- 
dicates that a lactogenic factor, prolactin, may be obtained as a separ- 
able fraction from the anterior pituitary and is probably elaborated 
by the acidophiles. Both the hypophysis and thyroid hormone are 
necessary for lactation in mice. Estrogen apparently inci-eases the 
amount of prolactin hr the anterior pituitary of rats, but estrogens have 
been used to .suppress or inhibit lactation in human acromegaly. The 
promotion of mammary duct growth appears to be a function of estro- 
gen, although this effect is absent in hypophysectomized animals. The 
presence of a mammogenic hormone in the anterior pituitary has been 
suggested. Growth homrone may produce limited mammary develop- 
ment in hypophysectomized rats. 

Mctaholic Effects . — Clinical evidence of general metabolic effects is 
present in all types of pituitaiy adenomas. The excessive tissue growth 
of gigantism and acromegaly, the frequent gain in weight with a 
chi’omophobe adenoma, and the peculiar selective obesity of pituitary 
basophilism, all appear to be external manifestations of altered metabolic 
processes. 

Effects upon carbohydrate metabolism have been i-ecognized for some 
time; the decreased sugar tolerance and tendency toward diabetes in 
acromegaly, the inerca.sed sugar tolerance in chromophobe adenomas — 
both are familiar examples. Now it appears that basophilic adenomas 
are frequently associated vith decreased sugar tolerance and occasional 
mild diabetes. The relation of these diabetic tendencies to the pan- 
creas has already been discussed. However, there is evidence that the 
effect on carbohydrate metabolism is not limited to the islets of the 
pancreas but occurs in all tissues; the much-discussed insulin resistance 
of “pituitaiy diabetes” may be a clinical example of this. Experi- 
mental evidence concerning the relationship of the anterior pituitary to 
carbohydrate metabolism has been reviewed recently by Russell.'" Hy- 
pophysectomized animals exhibit a rapid decline in blood sugar, deple- 
tion of liver and muscle glycogen, and elevation of respiratory quotient, 
when fasted. These effects may be prevented by administration of 
anterior pituitaiy extract (glyeostatic effect), and are apparently due 
to acceleration of peripheral oxidation of carbohydrate. Hypersensi- 
tivity to insulin follows hypophysectomy while insulin resistance 
(glycotropic effect) may be produced by administration of suitable 
anterior pituitaiy extract. A ketogenic factor is also recognized in an- 
terior pituitary extracts. Intermediate effects of the anterior pituitary 
through the thyroid appear to be limited to alteration of general 
metabolic rate and the rate of intestinal absorption of carbohydrate. 
The situation with respect to the adrenals is more' complex but there 
is evidence for a synergistic effect bet'ween the anterior pituitary and 
adrenocortical hormones. In addition, it appears that ivhile the anterior 
pituitary effect is chiefly repression of peripheral carbohydrate oxida- 
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lion and promotion of niH.sr/c frlycofron deposition, t!ie adrenocortical 
hormone exerts a similar effect, in the liver. The 'rlucoiieogenctic action 
of anterior pituitary extracts appeal's to In; mediated throUKh the ad- 
renal cortex, llyperjilnooneofrenosis has been sufrpe.sted as a probable ex- 
planation for the alterations in carbohydrate and protein metabolism 
observed in Cushiiifi’s .syndrome." 

Anterior pituitary cffect.s on protein mctaboli.sm have been susjiected 
in acromegaly and gigantism. The observation of decreased nitrogen 
c.xcretion following administration of the growth factor adds experi- 
mental confirmation. Conversely, byjiojihy.sectomy is followed b.v in- 
creased nitrogen loss. Two mcehanisms have been suggested by which 
the anterior pituitary may afleci protein metabolism: (1) by direct 
action on musclc.s. stimulating protein catabolism; (2) by indirect ac- 
tion through the pancreas, stimulating protein anabolism. The first 
offect may bo mediated through the thyroid, since thyroid admini.stra- 
tion has been shown to inci'cn.sc protein cataboli.sm and nitrogen ex- 
cretion. Alterations in protein metabolism may al.so be mediated 
through the adrenal cortex, since cortical hormone appears to influence 
the deamination of amino acids, the formation of carbobydrate.s from 
keto acids derived from amino acids, and the gluconeogenesis from 
endogenous protein; the not rc.sull is .stimulation of protein catabolism. 
The observation of a negative nitrogen balance in certain paticnt.s with 
pituitaiy basophilism has been sugge.stcd to be explainable on the basis 
of an adrenocortical effect. Studies upon the .specific dynamic action 
of protein indicate that this action is diminished by hypophysectom}'. 

Effects upon fat metabolism might be expected on the basis of the 
frequent clinical finding of obesity in cases of chromophobe adenoma and 
pituitary basophilism. However, in the former at least, the weight gain 
may be explained by the lowered basal metabolic rate. Experimental 
evidence is provided by the observations of increased peripliei-al fat and 
decreased liver fat after hypophysectomy.’^ Conversely, liver fat is in- 
creased and fat mobilization accelerated by anterior pituitary admin- 
istration. 

A specific metabolic principle in the pituitary lias been suggested by 
Collip.” The elevation of basal metabolic rate of thyroidectomized an- 
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imals by administration- o£ crude pituitary extract, anterior ]o])c extract, 
or prolactin suggests the existence of such a metabolic principle. Ad- 
ministration of a potent preparation containing tliis principle is fol- 
lowed by a shai'p elevation in basal metabolic rate and depression of 
the respiratory quotient. It. has been suggested that this principle 
specifically stimulates the metabolism of fat. The metaljolic 3)rinciple 
is thought to have its origin in the pars intermedia of the pituitary. 

Resume . — ^Altliough further evidence is dcsira])le concerning many of 
the effects ascribed to specific cells of the anterior pituitary, it is pos- 
sible to give a tentative outline, based upon available information 
(Table X). jMany of the .symptoms of pituitary basophilism (skeletal 
decalcification, vascular hyimrtension, erythrocj'tosis, exophtiialmos) 
await adequate explanation. 
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NOVAK: OVAKIAN Tf.MOHS WITH SKX IlOHMONi: rUNCTION 

its entire Imlk, nro made nj) of thyroid tissue. In a mnnl)er ot re- 
l)orted eases tliis tissue has heconie functionally liypeiaiclive, produc- 
iiiff clinical hypertliyroidisin. This rare tumor type, however, need 
not be discussed in this eonnnunieation. Those interested may he re- 
ferred to the recent jmhlieation of Knifre, wherein the .subject is reviewed. 

For an understanding of the .special prou]) of dysontopcJietic func- 
tional tumors with which we arc more directly concerned, some Jinder- 
standinfj; of the early embryolofry (»f the tronads is indi.sjiensable. These 
organs are derived from a cell mass which develojis in the anterior or 
ventral portion of the me.soneidiros. Tn the eaidic.st stape of ponadal 
develo]mient it is not possible to dislinpuish whether the orpan is to 
develo]) as a testis or an ovary. It is f)f interest to note that in this 
undifferentiated ])ha.se prou])s of cells may be seprepated, and that 
from such cells tumors may arise in later life, I’cpardlc.ss of whether 
the ponad develops into testis or ovai'y. In the ovary this tumor 
variety is now well recopnized as the .so-called dysperminoma. The 
corre.spondinp tumor in the testis is the well-known seminoma. Ilisto- 
lopieally these two tumor types are identical. As mipht be expected 
from their derivation, neither of these tumors po.ssesscs endocrine 
properties. 

At a slightly later stage the cells in the sex pland anlage exhibit a 
differentiation into zigzag ana.stomosinp tubides converpinp toward the 
hilum. Tn the case of the testis the.se cords are the progenitors of the 
seminiferous tubules, and by linking uji with mesonephric tubular 
structures the entire testicular apparatxis is soon laid down, the Wolf- 
fian duct itself becoming the vas deferens. From our own immediate 
viewpoint, however, it is important to remember that in the ovary as 
well as the testis the same sex cord differentiation takes places, though 
in the ovai’y it is abortive and incomplete, and is soon followed, with 
overlapping, by a second differentiatiiig process. To put it very fig- 
uratively, the second or feminine differentiation takes place over the 
fossil remains of the first or more characteristically male process. It 
is believed that in the fully developed ovary of later life vestiges of 
these originally male-directed cells may persist in its medullary por- 
tion and that it is from such potentially masculine cells that tumors 
may arise wliieh in their structure exhibit some degree or other of 
testicular architecture and which have the capacity of jiroducing the 
male sex hormone. 

To this group the designation of arrhenoblastoma was given by Meyer, 
to whom we are indebted for much of our knowledge of this whole 
special group of ovarian tumors. The explanation given of the histo- 
genesis of arrhenoblastoma, as throwing light upon their masculinizing 
effect, will probably have to be modified as our knowledge of sex dif- 
ferentiation increases. The possible role of organizers and detei-miners 
of sex in the ovarian eortex and medixlla is now being stressed by 
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biologists and cannot be overlooked. Moreover, the intimate embry- 
ologic relationship of the adrenal cortex and the ovarian medulla make 
it easj’- to understand that certain adrenal cortical tumors, like the 
ovarian arrhenoblastoma, have masculinizing tendencies, and some in- 
vestigators have suggested that the embryologic inclusion of testicular 
elements in the adrenal area may explain the masculinizing property 
of certain tumors of the adrenal. 

On the other hand, it is of interest to note that tumors made up of 
adrenal tissue may occur in the ovary and that such tumors ])roduec 
a masculinization syndi'ome quite ijidislinguishable from that of ar- 
rhenoblastoma. The intensive studies of the past two or three yeans 
have shown that both niale and female sex hormone.s aro produced in 
the adrenal cortex, and interesting relationships between these and 
desoxycorticosterone have been demonstrated, but we are still in the 
dark as to the exact nature of the eorticogonadal mechanism which is 
so clearly important in the differentiation of sex characters. 

With the appearance of the typical feminine differentiating processes 
in the ovary, the primitive follicular apparatus is soon foianed by the 
clusterlike grouping of granulosal cells around the oogonia. Accord- 
ing to ^Mejme, rests of redundant gi-anulosa may be lelt over and from 
them may later arise the well-known gi-aiudosa cell tumors. Since the 
cells from which thej' arise have been predestined as feminine, it is not 
surprising that such tumors are feminizing in their effects through 
their production of the e.strogenic hormone. Here again, evidence is 
accumulating to indicate that iloyer’s oi-iginal concept must be modi- 
fied. There is increasing opinion that both granulo.sa and theca cells 
arise from differentiation in situ of the ovarian mesenchyme and that 
the derivation of the feminizing group of tumors must be traced back 
to a mesenchymal, that is, a progranulosal and prothecal. stage. Such 
tumors may therefore assume epithelial (granulosal) characteristics or 
histologically they may appear to be sti’omal (thecal) in character. 
To the former group the designation of granulosa cell carcinoma is 
applied; to the latter, thecoma. Acceptance of such a view makes it 
difficult to separate these two varieties of tumor as sharifiy as has been 
done by some authors. Indeed, it is common to find an intermingling 
of granulosal and thecal elements in one and the same tumor. 

In either the granulosal or thecal tumor luteinization changes may 
take place, probably through an excitation of the same sequential pitu- 
itary effect exhibited in the conversion of the normal granulosa of the 
reproductive epoch into lutein cells. The luteinization changes in the 
tumors may be partial, constituting the so-called folliculome lipidique 
described first by Lecene. or they may involve the whole structure of 
granulosal tumors, which, in such eases, are usually of small size. Thus 
is produced the so-called luteoma. Concerning the latter tumor type 
there is still much discussion and uncertainty, chiefly because of the 
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(liflionlty ill (•(■rijuii cJi.scs of (Ivlormininir wlu'llivr a fjivcn luiiior is of 
hUciii or atlrriKiI (‘liaraolor. .A nuiahor of instances liavc been re- 
corded in wliicli Ini coma is said to have lirondil abont masenlinization 
plicnomcna. bnt llu' ])r(d)a!nlilics arc that most, of these have really 
been of adrenal nature. However, in view of i-eceiit experimental 
invcstiiralions which indicate that profrcstcrone may actually produce 
certain masculiinzation phenomena, such an a.ssumption cannot, be 
taken for granted. This aspect of the {rcneral .sub.ieet is still quite 
confijsed. For a fuller discussion on this ])oinl the reader may be 
referred to the recent article of Kollino and i^^c^rafh. Avho propose 
for this nroup of tumors of uncertain histofrenesis the desifrnation of 
ma.scnlinovoblastoma. 

Paiholonii . — The feminizinix tumors are eharaetcrized by marked in- 
dividual variation in his1olo<,de pattern. The izranulosal f^roup, how- 
ever, is u.sually readily distinguishable by the pranubi.sal morpbolopy 
of the constituent epithelial cells tofrether with certain growth char- 
acteristics Avhich appear to distinguish granulosal cells in general. 
Among lhc.se is a tendency to an arrangement in small clustens .sug- 
gc.stiug the appearance of the ])rimilive follicles of the ovary, -except 
for the inclusion of the germ cells, and also the tendency to form tiny 
areas of cystic liquefaction resembling the Call-Exnor bodies seen in 
the granulosa of many specie.s. c.specially the rodents. 

The granulosal tissue may be (piite diffuse, but more frequently it is 
divided b.v trabeculae of connective ti.ssue into long columns, producing 
a cylindromatous pattern, itfuch lc.ss frccpient is an arrangement in 
spherical masses, the centers of Avhich often exhibit cystic degenera- 
tion, so that there is at lea.st a .sxiperficial rc.semblance to large follicles. 
This so-called von Kahlden tyjie was therefore formerly often spoken 
of as folliculoma malignum. Still other variations occur, such as the 
gjTiform and the pseudoadcnomatou.s. 

Grossly granulosa cell tumors may be of minute size or they may 
reach very large proportions. The smaller ones are apt to be solid, 
but those of larger size commonly .show one or more cystic cavities 
due to liquefaction changes. The substance of the tumor, as revealed 
on cross section, is of grayish granular appearance with often areas of 
yelloAvish hue. The thecomas as a group are apt to be of more mod- 
erate size and of fibromatous appearance, although softer areas and 
small cystic cavities may likcAvise be noted. 

There is much more difficulty in describing the pathology of arrhen- 
oblastoma, which includes a whole series of gradations, from highly 
differentiated testicular tissue at one extreme to tumors so undiffer- 
entiated that only close study Avill reveal the sex cordlike cell arrange- 
ment that may constitute the only clue to their real nature. It is here 
that a knowledge of early gonadal embryology Avill stand the path- 
ologist in good stead. Meyer has distinguished three varieties. The 
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highly differentiated type corresponds to the so-called testicular ade- 
noma, originally descinbed by Pick. Between this and the very un- 
differentiated variety falls the intermediate tjT)e, in which one always 
finds a tendency to tubule arrangement, representing abortive efforts 
at reproducing the testicular tubules. Other testicular characteristics, 
such as rete elements or groups of cells resembling the inter.stitial cells 
of Leydig, are found in a eon.siderable proportion of cases. 

Grossly the arrhenoblastoma is almost always a solid tumor of small 
or moderate size, although in some cases the growths have been very 
large, even to the .size of a man's head. The cut surface is fairly firm 
and of grayish color, often with areas of yellowish tint, and sometimes 
of reddish, hemorrhagic appearance. As a re.sult of secondaiy degen- 
erative changes, cystic cavities of considerable size may be formed. 

Malignancy . — The general statement may be made that while both 
granulosa cell carcinoma and aiThenoblastoma are undoubtedly much 
less malignant than the more common types of ovarian carcinoma, 
they are always to be looked upon as potentiallj' malignant, and in 
many indmdual cases the degree of clinical malignancy is high. It is, of 
course, true that in many instances .such neoplasms have seemed to run 
a benign course with no recurrence after rmilateral removal of the 
adnexa. This has been particularly true in young children, perhaps 
because at this age the endocrine .symptoms produced by such tixmor.s 
are more striking than in later life, leading to their eai’ly recognition. 

On the other hand, other members of this tumor group have been 
highly malignant, with rapid recurrence even after radical operations. 
Moreover, recurrence has sometimes been very late, after intervals of 
ten or even eighteeix years. Only a few follow-up studies have been 
made, but I believe that the 28.1 per cent recurrence rate reA-^ealed in 
the series reported by Novak and Brawner would give a fair estimate 
of the degree of malignancy of the general group, although some 
authors put it much lower. In any event there does not seem any 
.iustifieation for the rather light attitude exhibited by some writers 
toward this type of tumor, especially since histologic criteria have not 
been found to constitute a reliable index of the degree of malignancy. 

Still less certain are we as to the exact degree of malignancy of 
arrhenoblastoma. Only a few more than sixty case.s have thus far 
been recorded, and most of these, because of the biologic interest of 
the tumoi's, have been repoi’ted soon after observation, too soon to 
permit of any statement as to the ultimate result. That they may 
recur after removal is shovm in the cases of Novak and Long, Meyer, 
Kleinhans, von Szathmary and Taylor, and Wolfermann and Krock. 
On the other hand, as with granulosa cell carcinoma, a considerablj’ 
larger group of patients has apparently been cured bj’^ conservative 
operations. 
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h'fmulizinii 6'r(/i(;/."-Iif'nrinK^ in mind I lie i’slr<)fr(‘n-i)r()t]ncinfr func- 
tion of tins uron]^ of tuimii's. it is oiisy to ninlcr.stjind tlicir i)iolof,dc 
ofif-ct,s. 'Pile Inttcf. ;is iiiiulit he i‘X)i«flcd, will differ ueeordinp to the 
JiK'o period ut which >uch tumors dcvelop- 

Wheu such unovtlis orisc in vomit; cliiidrcii. ns tlu'y souietiinc.s do, 
their effects .nrc whnt otic would exjieci from the jiroduction of Inrfje 
Jiuioiiuls of estrotten lonu hefore tile tipc of jnilicriy. 'I'he ehnrnclcr- 
istie sei'ondnry sex ,.ehnrnctcristics which nppc.'ir normnlly nt the ])U- 
Itcrln! epoch nrc due to tlie .Mwnkeninu est rojicnic function wliic.li 
occurs nt Hint tiiin*. When the orttnuism is suhjccted to tin* cslrofrcn 
stimuintion of irr.'inulosnl tumors nhiiormnlly curly, one would expect 
evidences of precocious imhcrty, nnd this is exnctly whnt occurs. I’rc- 
uiaturc menstruntioii. preiiinture hypertrophy of the hrensis, and axil- 
lary and pciiitnl hnirtrrowth are the most conspicuous symptoms. The 
periodic hlecdiutr is not n.ssocinteil with ovulntioii, in which rc.sjiect it 
ditTcrs from that seen with lu'ccocious puhto'ly due to certain extra- 
ovarinn factors. Hcmovnl of the tumor is followed hy prompt reg'i’c.s- 
sion of the iirccocious symptom.s, this constitutin<r a clear-cut demon- 
stration of the causal role of the tumor in the production of the 
.syndrome. 

Dnrinti menstrual life, the ovaries normally ])roduee considerable 
fpiantitie.s of estrogen, and the .secondary sex characters are already 
fully dcvelojied. The effects of oslrofrcn-jirodncin.e: tumors in such wom- 
en are therefore merely (plant itativc. the chief enVets beinfi on the men- 
strual function. Mven the.se may not he notable, as we know that a 
lelativc liypere.slro'renism is not invariably associated with menstrual 
exce.ss. While the latter often oeeur.s, menstruation may be (piite nor- 
mal or it may even be ab.sont for many months at a lime. 

The uterus retains its sensitivity to e.strofren lon<r after the meno- 
pause, so that feminizing tumors in po.stmenopausal patients bring 
about A'arying degrees of increase in size of that organ above that of 
the usual senile uterus. i\Iorcover, the uterine mucosa characteristically 
exhibits a hyperplasia, while periodic bleeding is likel.v to occur, simu- 
lating a re-establishment of menstruation. As in the prepubertal 
group, this is of the anovulatory, estrogen-induced type. The breasts 
of the senile Avorneu have lost their reactivitj'^ to estrogen, so that breast 
changes are not noted. 

Masculinizing Group . — The production of androgenic principles by 
the masculinizing tumors brings about a sequence of endocrine effects 
which is dhdsible into two phases. The first of these consists in the 
appearance of certain symptoms -which are not in themsehms masculini- 
zing but which represent a subtraction of certain features from the 
typically feminine complex. Among these symptoms are amenorrhea, 
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retrogression of the breasts, and sometimes a loss of the subcutaneous 
fat ■which gives the female figure its typical rounded contour. This 
defeminization phase is followed bj’’ the appearance of certain phe- 
nomena which are to be looked upon as definitely masculinizing. Chief 
among these are the appearance of a hairy growth on the face and 
other parts of the body, hypertrophy of the clitoris, and deepening of 
the voice. This is the sequence to be expected in the characteristic 
case, although there are all sorts of variations in degree. 

As a matter of fact, there are some tumors which undoubtedly be- 
long in this pathologic category but which produce little or no endo- 
crine etfeet. In some eases this is explained by the very small size of 
the growths, while in other eases the explanation is uncertain and 
speculative. Eemoval of the tumor is followed by regression of the 
abnormal phenomena, although this is not always as complete and 
prompt as with the feminizing group. Tlie defeminization phenomena 
disappear promptly and completely, but the genuinely masculinizing 
signs regress much more slowly and sometimes incompletely. 

Diagnosis . — ^Prom what has been said it is evident that the preoper- 
ative diagnosis of granulosa cell carcinoma during menstrual life is 
rarely, if ever, possible, as it does not ordinarily give rise to symptoms 
different from other types of ovarian tumor. On the other hand, when 
an ovarian tumor is demonstrated in a child who exhibits the clinical 
phenomena of precocious puberty, it is reasonably certain to be of the 
granulosal type. It should not be forgotten, however, that certain 
other causes of precocious puberty are more frequent than this, and 
unless a tumor is palpable operation is not usually justified. That this 
is not an unnecessary admonition I know from personal knowledge of 
a number of cases in which ovaries have been removed merely on the 
suspicion that they may harbor small granulosa cell tumors. In pa- 
tients of this early age group the demonstration of considerable quan- 
tities of estrogen in the urine would be suggestive but not conclusive, 
as the same finding might be noted in patients in whom an extraovarian 
factor is responsible for the precocious appearance of menstruation and 
other pubertal phenomena. 

In the postmenopausal group, the association of periodic bleeding 
with an ovarian neoplasm, especially when the uterus is well above 
the senile size, shoidd make one suspect granulosa cell carcinoma. 
Diagnostic curettage in such cases is likely to show a hyperplastic 
rather than atrophic endometrium. However, it is to be remembered 
that postmenopausal hyperplasia of the endometrium occasionally oe- 
eui’s in the entire absence of any tumor, just as estrogen may be found 
in the urine of some women long after the menopause. However, a 
judicious weighing of such evidence will permit of at least a strongly 
presumptive diagnosis in some cases. 

As to arrhenoblastoma, the demonstration of a definite solid ovarian 
tumor in a woman previously normal and then developing defemini- 
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zotion phonoinonn, followed soon by hirsulisni, clitoris liyperlroplij', 
and voice ehnn|j:os perniils one to ninlvc u prestnnptivo diapnosis of 
masculinizing tumor. This would usually prove to be arrheiioblastoma 
but rarely might be the adrenal type of ovarian tumor, which gives 
rise to identical symptoms. Here again a word of caution is nccessai'y. 
The finding of a tumor in a woman who .show.s hypertrichosis, flat 
breasts, a rather deep voice, and jicrhaps amenorrhea does not .iuRtify 
any worth-while suspicion of arrhenoblasloma if the secondary sex 
abnormalities date from puberty, as they so often do. Tn such cases 
the evidences of mild intcrsexuality are almost always of the con- 
genital or chromosomal type. Any associated ovarian tumor is likely, 
thei'cforc, to be purely coincidental, and operation will usually reveal 
one of the ordinai-y tumor types, such as cystadonomn. When, how- 
ever, the abnormal symptoms develop rather abruptly in women who 
previously have been typically feminine, the finding of an ovarian 
tumor is much more significant. Sex hormone studies have not yet 
proved of any great value as a help in the diagnosis of this group of 
tumors. 

Treatment . — The treatment of the tumors of this entire group is 
surgical, but a word as to the extent of the operation seems necessary. 
Certainly in young individuals, in whom it is obviously highly impor- 
tant to preserve reproductive function, the operation should be a con- 
servative one. In cases of this group, especially in children, the tumor 
is usually small and unilateral, and removal of the adnexa of the dis- 
eased .side is ordinarily indicated. Po.stoperatiA'e radiotherapy Avould 
obviously be contraindicated, as in itself it might result, in sterilization 
of the patient. The importance of postoperative follow-up need hardly 
be stressed in view of the potentialities of .such tumors. 

When such tumors are encountered in older Avomen, as is true of the 
largest proportion, conservath'e operation would seem unwise. As a 
matter of fact, the real nature of granulosa cell carcinoma is often not 
suspected at the operating table, especially by the surgeon untrained 
in pathology. It is likely to be mistaken for oAmrian carcinoma of the 
more ordinary types, so that complete remoAml of the uterus and 
adnexa is done, or should be done, whenever possible. While the re- 
sults in the functioning group of tumors are in the main much better 
than with ovarian carcinoma in general, recurrences are sufficiently 
frequent to indicate the malignant potentialities of this entire group 
and to contraindicate any attempt at conservatism except under the 
conditions emphasized in the previous paragraph. 

Opinions still differ as to the value of postoperative radiation where 
radical operation has been done, although most surgeons Avill probably 
prefer to employ this extra measure Avith these tumors as Avith other 
forms of malignant ovarian tumors. There are undoubtedly some 
members of this special tumor family, especially some cases of granq- 
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losa cell carcinoma, Avliich are relatively radiosensitive, although even 
rapid recurrence may in other eases occur cA'en if radical operation 
has been followed by radiation. 
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EXDOCHINE FACTORS IK THE OEIOIK OF TU^IOES 
OF THE UTEKUS 

lIowAiiO T.wi.oit. .In.. Xkw Vouk, N. Y. 

T IIEOEIES on llie eauso.s of all (nnior.s, pt'rha]>.s ('.spcOally thoso of 
tlic J'cpi’oductivc or”:an.s. have niulorgono a raclioa! revision in the 
la.sf. Ion or fifteen yeans. Prior to that time ehief emphasis ivas plneed 
upon trauma or clironio irritation with the, hypothesis of the special pre- 
disposition of displaeed embryonal rests to be used when other explana- 
tions were laekinp. Carcinoma of the cervix was frencrally regarded ns 
arising on the basis of chronic inflammatory lesions dcveloiiing in lacera- 
tions sustained during cbildbirth. Cancer of the breast ivas a.ssigned 
sometimes to trauma, sometimes to the irritating effects of nndiseliarged 
secretion. Cancer of the endometrium was given little con.sideration but 
was somewhat loosely referred to .senile endometritis. The embryonal 
theory on the other hand was of value in explaining certain compli- 
cated new growths, especially of the adenomyoma group, but fibroids 
and some ovarian tumors were also often laid to the persistence and 
late development of vai'ious embryonic structures. These factors arc 
not yet to be excluded, but they have been i-clegated to the background 
to give place to the study of specific chemical stimuli, particularly 
those of hormonal character. 

Although recent progress toAvard the establishment of the hormones 
as a factor in tumor genesis has been chiefly in the hands of laboratory 
AAmrkers, it nuxst not bo supposed that their Avork Avas the actual begin- 
ning. Intimations that endocrine factors Averc concerned in the origin 
of pelvic tumors date relatiA-^ely far back in modern gynecologic his- 
tory. Sixty years ago Brennecke® recognized a hyperplastic condition 
of the endometrium and correctly ascribed it to disturbances in ovula- 
tion and corpus luteum formation, a point am2)ly confirmed and Avidely 
accepted by gynecologists many years before the hormones of the 
ovarj^ had been isolated. Tlie I’elationshi]) of tlxe uterine fibromyoma 
to the OAmry has also been carefully considered by seAmral generations 
of clinical g}mecologist.s and since Hegar’s^" article of 1S87, tliere has 
been an almost unbroken series of reported observations on the nature 
of the ovarian lesion associated AA’ith this tumor. 

The experimental period in the inAmstigation of these relationships 
was initiated by seA^eral fundamental discoveries in the fields of 
biology and chemistry. Of primary importance Avas the Allen-Doisy 
test Avhich made possible the measurements of estrogenic activity. Of 
equal value was the isolation and eArentual synthesis of many of the sex 
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hormones in pure form. With these instruments for research and the 
successful breeding of strains of mice with a hereditary cancer of the 
mammary gland, the development of a new field in the investigation of 
reproductory tract tumors was ready to commence. 

Work on the experimental production of animal tumors by means of 
hormones has produced a great body of literature which has been ade- 
quately remewed elsewhere.^’ ’®’ As a result of these investigations a 
number of neoplasms are now readily produced in several species of 
animals which are similar in their microscopic structure to many of the 
common spontaneously occurring human tumors. Perhaps the principal 
problem of the moment is to find satisfaetoiy evidence that in women 
AArith tumors of these tj’pes hormone conditions have been present Avhich 
in some way resemble those tliat must be artificially created to produce 
the experimental tumors in animals. 

Methods of studying ovarian function in human beings are still im- 
perfect and clinical evidence of a hormone disorder associated with a 
developing tumor is indirect and diffieiilt to evaluate. Briefly such 
emdence maybe classified under several headings. 

1. The clinical history has for years led to inferences in regard to 
the origin of tumors. The relation to previous pregnancies or to 
sterility, records of past menstrual disturbances or of anomalies of 
puberty or the menopause are all data which can be statistically 
handled and must be taken into account. 

2. Histologic or pathologic study of various parts of the reproduc- 
tive organs may yield information of value. The ovaries themselves 
may contain follicle cysts or a granulosa cell tumor as an acceptable 
source of the estrogens which produced the tumor. The endometrium 
on the other hand may be looked upon as a sensitive indicator of sex 
endocrine function and its status in a patient with a reproductive tract 
tumor -win indicate whether, at the moment at least, the OAmrian func- 
tion is normal. Finally a tendency to the association of several tumors 
in the reproductive tract of the same individual is of interest, for it 
indicates either a general predisposition or a type of stimulus having 
a widespread effectiveness, as might be expected from a hormone as 
a factor in tumor development. 

3. Clinical therapy has made some contributions to the solution of 
the problem. The fact that many of the benign reproductory tract 
tumors tended to shrink or even disappear after bilateral oophorectomy 
has long been knoAvn and accepted as proof that substances formed 
in the ovary were, if not the cause of the tumor, at least essential in 
maintaining the continued susceptibility of the organs to tumor for- 
mation. More recently there har’e been some reports indicating that 
the administration of various hormone substances, the estrogens, pro- 
gesterone or testosterone, might accelerate or modify the growth of 
neoplasms in the female pehuc organs. 
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4. Flually, cvidtMicc to solve tins problem lias l)eon soukIiI in the 
exorotiou rates of various i)ro{1uets of tlie sex eiulocrine organs. Tiiesc 
studies have been interest ing but have led to limited conelusions. The 
rate of urinary ex<‘retion of an estrogen, for example, may have a very 
remolo relationship to its rate of formation or ol its utilization by 
.specific tis.sues. Nor does the estrogen excretion in a patient with a 
fully developed tumor give mu<*h indication of the conditions under 
which tumor giaiwth was initialed, perhaps years before. 

Evidence .such as this is all that is available to the clinician to check 
the suggestions made to him by the animal experimenter. In the fol- 
lowing pages the prineiiial tumoi-s produced by hormonal agents in the 
uterus of various laboratory animals will be considered in relation to 
the morphologically similar tumors in u’omcn and the reasons given 
for believing that the causes of these tumors may also be similar. 

Endomdrial Jlupcrplasia . — Hyperplasia of the endometrium has be- 
come a clinical entity accepted by most gynecologists. The histologic 
picture, Avith the glands of irregvdur size lined by nonsecreting epithe- 
lium, is fairly characteristic although extreme forims may range from 
those which are diflicult to di.stinguish from normal proliferating endo- 
metrium on the one hand to those .suggestive of early adenocarcinoma 
on the other. 

The typical histologic pattern of cndometi'ial hyperplasia has been 
produced in all of the common laboratory animals by the simple injec- 
tion of various estrogenic compounds.®- ®’’'’®‘- Evidence is accumulat- 
ing, however, that a great excess in estrogenic stimulation is not the 
essential factor in the cause of the di.sease, but rather a continuity of 
estrogenic stimulation without the periods of rest afforded by the nor- 
mal estrus cycle. The development of the disease is also favored by 
the absence of the usual balancing effect of the corpus luteum. The 
relationship of endometrial hyperplasia to disturbed rather than simple 
excessive ovarian function is made especially evident by studies of 
Lipsehiitz^^’ on the effect of partial oophorectomy in the guinea pig. 
He found that an imbalance resulted when the residual fragment of 
ovary underwent a compensatory hypertrophy of the follicles with in- 
complete or absent corpus luteum development, and in animals so 
treated there developed numerous signs of atypical tissue proliferations 
among which hyperplasia of the endometrium was prominent. Hyper- 
plasia has also been reported to follow the distui-bances of ovarian 
function resulting from the irradiation of the ovaries by x-rays®® and 
by the implantation of testicular tissue.®® The protective effect of the 
corpus luteum is shown by the reports of several writers that hyper- 
plasia is more difficult to produce by means of an estrogen if the ani- 
mal’s own ovaries are not first removed®® or if progesterone is simul- 
taneously administered.®® 
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The evidence that hyperplasia of the endometrium as it occurs in 
women has the same cause as the experimentally produced animal 
lesion is quite convincing, Schroeder,'® in 1915, published his worh 
asei’ibing the disease to the persistence and prolonged action of an 
unimptured Graafian follicle on the endometrium, basing his theory on 
a series of eases in which he found a large follicle in the ovary and 
no recent corpus luteum. The condition of the ovaries in cases of 
hj-perplasia has been the object of numerous investigations since that 
time, all tending to confii’m the view that the disease results from pro- 
longed follicular activity without normal corpus luteum formation. 

Interesting support of this relationship is found in eases of certain 
ovarian tumors. Both gi'anulosa- and theca-cell tumors of the ovary 
manufacture estrogenic material Avhieh can be detected in the urine in 
large quantities. As is Avell knoAvn, uterine bleeding from a hyi)er- 
plastic endometrium is a common symptom of this type of tumor. 

Efforts to demonstrate exeessiA'c quantities of estrogenic substance 
in the urine of patients with this disease have in general indicated an 
increased excretion of the hormone.’'’'' ■*' Investigations on this 
subject wei'e carried on during the earlier days of urinary hormone 
studies, however, and there appears to be a real opportunity for de- 
tailed study of steroid excretion in such cases with the utilization of 
more modern techniques. 

The observed effects of treatment also tend to confirm the endocrine 
nature of this disease. Castration is invariably curative, a fact which 
makes very successful the radium or x-ray treatment of Avomen Amth 
benign A'aginal bleeding at the time of the menopause. Furthermore, 
the administration of A-ery large doses of an estrogen. 600,000 intei’- 
national units, may be followed by the production of an experimental 
hyperplasia in Avomen, histologically similar to the spontaneous dis- 
ease.®’ Consistent Avith the preAUOusly noted facts on the etiology of 
the disease is the obserA'ation that progesterone iii large doses has a 
curative effeet.’- 

One someAvhat confusing point has arisen Avith the observation of 
cases of hj-perplasia developing some years after the menopause.^’ 
Various hypotheses have been offered as to the source of the esti'ogens 
Avhich might produce the lesion late in life. At present the estrogenic 
origin of the proliieratiA'e changes in the senile endometrium must be 
held in some doubt. 

The origin of the cystic hypeiplasia of the human endometrium on 
the basis of a dysfunction of the ovai-y, resulting iu Avhat may be char- 
acterized as a persistent, miopposed action of estrogen, may be regarded 
as established. This being time, the finding of endometrial hypeiplasia 
in association Avith another reproductiA-e tract tumor is at least pre- 
sumptive evidence that the estrogens play some part in the origin of 
the other tumor also. This reasoning has been used to relate a con- 
siderable list of pelvic tumors to an ovarian hyperfnnet.inTi 
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expcviiiienls Ihc (nuisforniiitioii of povtioiis of the eiulonuiti'niin into a 
stratified spuamous opitholiuin has lu’cii lejiorlod as an (‘strogoii cl- 
feet/'’- LipsfhUtz*'' also ohsovved this in uninoa ])i”s after partial 
oophorectomy. 

Islands of stpianuius ejiithelinm arc well known to oeenr in the hn- 
mau endometrium (l-'iji:. 1) and arc perhaps tlie eounterjiart of the 
squamous metai'lasia develojiinti in animals after estro^iens. Hueh meta- 
plasia is a not uncommon associated findiiifr in eases of endometrial 
hyperplasia,” a point {xivinp a little support to the estrofjonie view of 
its origin. 



Fig. 1. — Squamous metaplasia ot the entlomctrlum with adenocarcinoma. 


Carcinoma of the Endometrium . — Although no tissue would appear 
to be more susceptible to the action of the estrogens, tumors of the 
endometriitm have rarely been reported in laboratorj^ animals after 
estrogen injections. Those which have developed seem to have only 
a remote morphologic relationship to the carcinoma of the corpus uteri 
in women.*^’ 

Spontaneously developing tumors of the rabbit endometrium have, 
however, been described and arise under circumstances which give a 
new direction to thought on the nature of the endocrine factor in ear- 
einogenesis. These “adenomata” arise multicentrically in the glandu- 
lar mucosa of relatively old animals and spread by both local extension 
and metastasis.^^ Their appearance is associated with certain changes 
in the adrenals, thyroid, ovaries, and mammary glands which are some- 



96 


SURGERV 


what similar to the effects produced by estrogen injection. Of par- 
ticular interest was Greene’s observation that tumors occurred in ani- 
mals that had previously suffered from mild attacks of “toxemia of 
pregnancy,’’ which he felt may have caused damage to the liver and' 
a relative incapacity to inactivate estrogens.-® This mechanism, if 
correct, would implicate the liver as a possible cause of many excessive 
estrogen effects. 

The evidence for an estrogenic factor in the origin of endometrial 
cancer in women is confusing. From a clinical standpoint, it is note- 
worthy that the disease has a sliglit tendency to favor nulliparous 
women and it has been reported to Iiavc a special predilection for women 
with a delayed menopause.® Both of these trends suggest a7i endoci'ine 
factor. 



Fig. 2. — Adenocarcinoma associated with hyperplasia of the endometrium in a patient 

48 years of age. 


The relationship of carcinoma to hyperplasia of the endometrium is 
an important and disputed point. Certainly only a very small propor- 
tion of the cases of the very common hyperplastic lesion can go on to 
develop into the relatively rare cancer of the corpus uteri. Follow-up 
studies of cases of endometrial hyperplasia have in fact jdelded few 
examples of later development of cancer 
Pathologic specimens in which carcinoma is found arising in a hy- 
perplastic endometrium are not uncommon according to certain ob- 
servers,®®’ ” whereas others insist that the association is no more than 
accidental.^®' ®®’ ®® HerrelP^ denies that hyperplasia is commonly found 
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with corpus carcinoma, but notes in.sload that in 99 per cent of the 
50 cases lie studied there was a “persistent proliferative type of endo- 
metrium.” This he rejiarded ns due to the “unopposed action of the 
follicular hormone.” Jones and Brewer.^' in a study of 08 ]mtionts 
with corpus cancer, found only 2 with cystic hyperplasia and con- 
cluded that, there was no evidence for the “unopposed action” of 
estriu in the production of endometrial cancer. These wide differences 
of opinion must evidently he due in part to a lack of agreement as to 
what constitutes hyperplasia of the endometrium in the postmenopausal 
woman, the type of patient in which cancer of the endometrium u.su- 
ally occurs. 

An example of the association of hyperplasia and adenocarcinoma of 
the uterus is shown in Fij^. 2. Jt is of interest that in this case another 
lesion, in which an estrogenic factor must likewise, be considered, namely, 
adenomyosis of the uterus, was also present (Fig. 3). 



Pig. 3. — Adenocarcinoma associated with adenomyosis In the patient shown in Fig. 2. 


While this controversy continues, another group of eases is begin- 
ning to be reported which may constitute the most important evidence 
for an estrogen factor in endometrial cancer. These belong to the 
steadily increasing list of patients who have been observed with an 
association of a granulosa cell tumor of the ovary with an adenocarci- 
noma of the endometrium. Apparent^ the first of these was described 
by Sehroeder,” in 1922, but recently there have been I’eports of several, 
notably 3 by Dockerty,^^ 3 by Stohr,” 1 by Russell,®^ and 1 by Taylor 
and Greeley.^® Another possibly similar ease has recently been ob- 
served at the Memorial Hospital and is illustrated in Pigs. 4 and 5. 
Two eases are also on record of carcinoma of the endometrium in asso- 
ciation with theca-cell tumors of the ovary.^'’ In view of the relative 
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rarity of these ovarian tumors it is scarcely conceivable that the asso- 
ciation vath endometrial cancer -was mere accident, With the estrin- 
produeing capacity of the granulosa -cell and theca-cell tumors in mind, 
it is difficult to deny the probable sequence of hypercstrinism, hyper- 



Fig. 4. — ^Adenocarcinoma or hyperplasia of endometrium in uterus of C5-year-old 
woman with granuiosa-ceil tumor. 







Fig. 5. — Granulosa-cell tumor in patient whose endometrium is shown in Pig. 4. 
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plasiii of llu‘ .senile eiKhnnetriuni, iiinl eaiieer in al l<‘asl this .sjieeiai 

Fibroviiiomti I'teri . — Tlie altenipl.s 1o prodiiee Itiinois of the .smooth 
mu.sele of the uteni.s illustrate very well the presence of factors of 
.suseeplihility inherent in the species, race, or individual in atldition to 
some preeipitatiiui ean.se such as an endocrine stimulus. The prod.'frious 
number of mice, rat.s. and rabbits injected with various est rojreiis failed 
to yield any eonvineinfr myomas of tin' uterus. Inje(‘fions oi estrogens 
into fiuiuea pigs led immediately to tibromatous tumors, not oidy of 
the myometrium but of subperitoneal tissues throughout the abdominal 
cavity. Although the production of Ihe.se tumors was tirst rejiorted 
by Xelson.'* the detailed .study of the.se growths and the special eon- 
ditions underlying their appearance have been made by Ijip.sehiitz ami 
his eo-workers in Chilc.^*'*' 

The e.strogen-iu'odueed tumors of the guinea jiig are fibromas Avith 
.some .smooth muscle fibers, arising perhaps by pi'oliferation of the 
, celomic endothelium.^' Tumors appear on the uterus, but al.so on the 
.surface of the liver, stomach, intestine, parietal peritoneum, and under- 
•surface of the diaphragm.'*'* Various estrogens will result in the.se 
tumor.s but an esterified compound, such as estradiol benzoate, appears 
to be the most effective, perhaps beeau.se with this the estrogen effect 
is most continuous. Di.seontinuous treatments, even if eai'ricd on over 
a long period of time and with large dose.s, may fail to ])roduce tu- 
rnons,^-''’ and their apiiearancc may be ])revenled by combining pro- 
gesterone or testosterone lu'opionate Avith the estrogen injections.'*** The 
conditions governing the production of the.se tumor.s folloAv the rule 
noted before for liyperplasia of the endometrium, namely, that .stimu- 
lation should be continuous and not balanced by the moderating effect 
of the corpus luteum. 

Corroborating evidence that the fibromyomas in llie human being 
are due to the estrogens is diA'erse and controvei'sial. Pathologic changes 
in the ovaries of Avomen Avith fibroids have been discu.ssed for at least 
fifty years Avith little progress being made, perhaps because of our 
meager knoAvledge of the morphologic basis of oA'arian dysfunctions. 
In recent years Witherspoon**^ particularly has stressed the association 
of follicular cysts A\dth fibroids and on the basis of his obsei'A’^ations 
has built up a theory of hyperestrinism as the -cause of these tumors. 
Tavo very careful studies"’ deny that cystic changes occur Avith any 
unusual frequency. Brewer and Jones' in particular have recently 
studied the ovaries in a series of 100 patients Avith fibromyoma and 
report that oAUilation and corpus luteum formation Avere found in the 
frequency to be expected in normal Avomen. 

The disagreement as to the endometrial patterns in patients AA'ith 
fibroids parallels that in regard to the state of the ovaries. AVither- 
spoon®= found that hyperplasia of the endometrium Avas frequently 



100 


SURGERY 


associated with uterine fibroids and reported a series of 44 women 
originally found to have only endometrial hyperplasia who subse- 
quently developed fibroids. He believed that hjqjerestrinism was the 
common cause of hyperplasia of the endometrium and of fibroids, the 
former developing when the causative factors were operative over a 
short period, the latter when over a longer period. Against this ex- 
treme Anew may again be cited the work of Brewer and Jones’^ Avho in 
their series of 100 fibroids found only one example of hyperplasia and 
that of moderate degree. 

A particular opponent of an ovarian dysfunction as the cause of 
fibroids is Robert kleyer,''^ who pointed out that many Avomen Avith 
fibroids undergo normal cyclical changes in the endometrium, menstru- 
ate regularly, and even become pregnant. Some dependence upon the 
ovary is of course evident because of the shrinkage in the size of the 
tumor after the menopause. This may occur through the intermedia- 
tion of the blood supply, however, and fibroids with extensive vascular 
adhesions to extra pelvic abdominal organs may continue to groAv after 
the menopause in spite of atrophy of ovaries and uterus.’® 

More direct studies of the estrogens in relation to fibroid growth in 
Avomen haAm met with little success. High concentrations of estrogenic 
substances in the tumors themselves have been reported, but these 
observations are now largely discredited. The excretion of estrogenic 
and androgenic substances in the urine of Avomen Avith fibroids appears 
to be normal.’® 

The ease for a hormone factor in the etiology of fibroids in AVomen 
still seems to rest chiefly on the atrophy that undoubtedly results from 
removal or destruction of ovarian function. To tliis may perhaps be 
added the support afforded by the experimental production of allied, 
but perhaps not strictly analogous, tumors in the gixinea pig. 

Adenomyosis Uteri. — The active penetration of the myometrium by 
glands from the basal layers of the endometrium is another lesion 
Avhich apparently develops only during years of active ovarian func- 
tion. Formerly regarded as inflammatory and termed adenomyositis, 
it has gradually come to be regarded as in some sense an endocrine 
induced disease, resulting either from a lost resistance of the endo- 
metrium or an increased capacity for regeneration of the basal layers.®^ 

Experimental production of adenomyosis has been little considered, 
perhaps because the preclinical Avorkers are scarcely conscious of the 
lesion. Penetration of the muscularis by endometrial glands has been 
observed after estrogens, hoAvever, and is beautifully iUiAstrated in the 
Avork of Lipschiitz in Avhich he produced various types of genital hyper- 
plasia in guinea pigs by partial oophhreetomy.*® The only clinical 
CAddence that has been offered for the ovarian origin of adenomyosis 
of the uterine AAmll has been that afforded by the association of other 
lesions, in particular pathologic changes in the ovaries,’* granulosa- 
cell tumor of the ovary,®’ and hyperplasia ' of the endometrium.®’* ®® 
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Tlic patient. inicropliotoprai)hs of whose uterus are .shown in Fig.s, 2 
and 3, is illustrative of this point. 

Squaviou^'t Mcittphwa ami Prccancrrous Lesions of the CVri'?.r. — Trans- 
formation of tlic columnar cells of the cervix into a .stratified sfiunmous 
epithelium is a commonly observed seijuel to estropen injections in 
many animal .species. The first report on the production of .such 
lesions in the monkey was made by Overholser and Allen"" who at first 
believed that the lesion produced was actually beuinninj^ carcinoma, 
but subsequent work has shown that these estrotren-produced lesions 
of the cervix in the monkey and most animal species are not malitr- 
nant.’" The structures produced do. however, closely re- 

semble le.sions familiar to the •lynecolotrist as lencoplakia and .squamous 
metaplasia or epidermidalization of the cervical srlands. 
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Malignant tumors in mice receiving estrogens have now l)een pro- 
duced in some numbers.^®’ These tumors are histologically cancer 
and have the qualities of local infiltration of the tissues of tlie rectal 
wall and bladder and of metastasis to the regional lymph nodes. The 
simultaneous administration of androgens did not prevent the appear- 
ance of cancer of the cervix in these animals. 

Efforts are also being made to introduce the sex hoi-mones into the 
backgi’ound of human cervical cancer. Hofbauer'’" some years ago sug- 
gested that the well-known predilection of cancer of the cervix for 
multiparas was to be explained, not on the basis of the in.iuries of 
delivery, but upon the nine months of excessive hormone stimulation 
to which the cervix is subjected in each pregnancy. In substantiation 



Fig. 7. — Early cancer ot the ceryix with superficial extension. 


of this theory he offered the evidence of hyperplastic changes in the 
histologic sections from the cervices of pregnant women. These views 
have received some support from the pathologic studies of Schiller,®® 
Hinselmann,®'^ and others which have shown that lesions of the cervix 
regarded as precancerous are not necessarily found in areas of cervicitis 
or cervical erosion, but on the contrary may appear in the midst of 
apparently normal epithelium (Fig. 7). 

Cancer of the cervix in women does not appeal- to have any tendency 
to be. .associated with other lesions to which an estrogenic causative 
factor has been theoretically described. Uterine carcinoma associated 
with breast cancer is apt to be endometrial.' ■ Myomas of the uterus 
seem more often to be associated with corpus than vith cervical cancer 
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ill relation to the relative frctiueney of the t\v(» latter eonditions/' 
Cervienl eaneer has not furthermore been reimrieil, to my knowlcdjxe. 
■with |iranulosa-eoll tumors, nor lias it even been staled that it had any 
tendency to occur with endometrial hyjierplasia. 


The excretion of abnormal hormone substances in the ui'ine of pa- 
tients with cervical cancer has lieen claimed, Increased excretion of 
ponadotropic .substance was at one time rciiorted. but it has never been 
clear that this observation was not the result of failure to distinguish 
the effect of the mcnojiausc on ponadotropie .substance secretion.'^'' 
Several early workers also reported excessive estropen excretion, but 
these observations were based on methods that now must be reparded 
as quite inadequate. Very recently work has been reported, which still 
requires confirmation, that women witli uterine eaneer have abnormal 
urinary estrone : estriol ratios.'"'' 

It is intcrestinp. finally, to note that the extensive use of c.stropen 
therapy appears not to have led to any peiieral eonvietion that the 
estrogens produce cervical cancer. A report of tJemmcll and JefTcoate''^'' 
in which 3 patients out of 43 treated by estrogens for senile vaginitis 
and kraurosis vulvae developed cervical cancer is a single re])orl Avhich 
indicates that caution may be necessary, (leist and Salmon.'-'^ on the 
other hand, after treating 20(i women for one-half to live and one-half 
years with total dosages of .")00,000 to 23.400,000 international unit.s, 
noted only regenerative effects and no signs of a1y])iea] dr excessive 
proliferation. 


coxcnuRiox 


111 attempting to evaluate the.se diverse observations, a few points 
become clear. In animals the admini.stration of vai'ious hormones, but 
pai’ticularly the estrogens, has been followed by the ap])earanee of 
neoplasms throughout the reproductive tract. Various species of ani- 
mals differ greatly in their susceptibility to develop tumors of a certain 
kind in response to these types of stimuli. 

In women tumors morphologically similar to those aiipearing in ani- 
mals after estrogen administration develop spontaneously. The benign 
tumors of this group are pretty sharply limited to the years of ovarian 
function for their active growth and tend to atrophy after the meno- 
pause. In this respect, at least, the ovary is a necessary factor in their 
development. 

Evidence that a specific ovarian dysfunction is the cause is almost 
complete for certain types of hyperplasia of the endometrium. For the 
other neoplasias or tumors of the uterus the proof is very incomplete 
and rests on such indirect evidence as the observed conditions of the 
ovaries, the association of several tumors in the same patients, and the 
effects of treatment. 

A better understanding of ovarian morphology and of the processes 
involved in the metabolism of the steroids is required before the hy- 
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potheses raised by the results of animal experiments can be finally 
proved for the origin of these reproductive tract tumors in man. 


REFERENCES 

1. Adler: Fall von Sclileimhautadenomyosis, Zentralbl. f. Gyniik. 49: 658, 1925. 

2. Allen, E.: Ovarian Hormones and I’emale Genital Cancer, J. A. M. A. 114: 

2107, 1940. 

3. Allen, E., and Gardner, W. U.: Cancer of the Cervix of the Uterus in Hybrid 

Mice Following Long-Continued Admini.stration of Estrogen, Cancer Ee- 
searcli 1: 359, 1941. 

4. Bowers, D. D.: Cancer and Fibromyomas of tlic Uterus, Am. J. Obst. & Gynec. 

39: 830-836, 1940. 

5. Breipolil, "W.: Schleimliautbildcr in der Menopause, Zentralbl. f. Gynak. 59: 

1998, 1935. 

6. Brenneeke: Zur Aetiologie der "Endometritis fungosa,” speciell der "chro- 

nischen hyperplasirenden Endometritis Oldliauscn’s,’ ’ Arcb. f. Gynak. 20: 
455, 1882. 

7. Brewer, J. L, and Jones, H. O.: A Studj' of the Corpora Lutea and the Endo- 

metriums in Patients With Uterine Fibroids, Am. .T. Obst. & Gynec. 41: 
733, 1941. 

8. Burch, J. C., Williams, W. L., and Cunningham, R. S.: The Etiology of Endo- 

metrial Hyperplasia, Surg., Gynec. & Obst. 53: 338, 1931. 

9. Crossen, E. J., and Hobbs, J. E.: Eelationship of Late Menstruation to Car- 

cinoma of the Corpus Uteri, J. Missouri M. A. 32: 361, 1935. 

10. Dichtl, Peter; Uber excessivcs Wachstum von Myomcn jenseits des KHmak- 

teriums, Miinchen, 1922, Inaug. Dissert. 

11. Dookerty, M. B.: Theca Cell Tumors of the Ovarv, Am. J. Obst. & Gjmec. 39: 

434, 1940. 

12. Engle, E. T., and Smith, P. E.; Some Uterine Effects Obtained in Female 

Monkeys During Continued Oestrin xVdministration, Anat. Eec. 61; 471, 1935. 

13. Fluhmannj C. F.: Epidermalization of the Cervix Uteri and Its Relation to 

Malignancj", Am. J. Obst. & Gynec. 15; 1, 1928. 

14. Fluhmann, C. F.: Hyperplasia of the Endometrium and the Hormones of the 

Anterior Hypophysis and the Ovaries, Surg., Gynec. & Obst. 52: 1051, 1931. 

15. Fluhmann, C. F., and Stephenson, H. A.: The Coincidence of Hyperplasia En- 

dometrii and Carcinoma Corpus Uteri, Surg., G\'nec. & Obst. 48; 425, 1929. 

16. Frank, R. T., Goldberger, M. A., and Spielman, F.: Present Endocrine Diag- 

nosis and Therapy, J. A. M. A. 103: .393, 1934. 

17. Frankl, O.: tlber Koinzidenz und Tnterferenz von Uterustumoren. II. Myom 

und Carcinom, Arch. f. Gynak. 123: 1, 1924. 

18. Furuhjelm, M.; On the Excretion of Oestrogenic and Androgenic Substances 

in the Urine of Women, Acta obst. et gynec. Scandinav. (Supp. 1) 20: 1-91, 
1940. 

19. Gardner, W. U.: Estrogens in Carcinogenesis, Arch. Path. 27: 138, 1939. 

20. Gardner, W. U., and Allen, E.: Malignant and Non-Malignant Uterine and 

Vaginal Lesions in Mice Receiving Estrogens and Estrogens and Androgens 
Simultaneously, Yale J. Biol. & Med. 12: 213, 1939. 

21. Gardner, W. U., Allen, E., Smith, G. M., and Strong, L. C.: Carcinoma of the 

Cervix of Mice Receiving Estrogens, J. A. M. A. 110: 1182, 1938. 

22. Geist, S. H., and Salmon, U. J.: Are Estrogens Carcinogenic in the Human 

Female? The Effect of Long-Continued Estrogen Administration Upon the 
Uterine and Vaginal Mucosa of the Human Female, Am. J. Obst. & Gynec. 
41; 29, 1941. 

23. Gemmell, A. A., and Jeffcoate, T. N. A.: Oestrogens and Carcinoma of the 

Uterus, J. Obst. & Gynaec. Brit. Emp. 46: 985, 1939. 

24. Greene, H. S. K.: Toxemia of Pregnancy in the Rabbit. I. Manifestations 

and Pathologj', J. Exper. Med. 65: 809, 1937. 

25. Greene, H. S. N.: Toxemia of Pregnancy in the Rabbit. II. Etiological Con- 

siderations With Especial Reference to Hereditary Factors, J. Exper. Med. 
67: 369, 1938. 

26. Greene, H. S. H.: Uterine Adenomata in the Rabbit. III. Susceptibility as a 

Function of Constitutional Factors, J. Exper. Med. 73: 273, 1941. 

27. Greene, H. S. N., and Saxton, J. A., Jr.: Uterine Adenomata in the Rabbit. 

I. Clinical History, Pathologj' and Preliminary Transplantation Experiments, 

J. Exper. Med. 67: 691, 1938. 



T.\Yi,ou: r.NnocinNUs in oiiioin oi' Tr.Moits ok utkiius 


lOf) 


2S. llupRstroiii, 1’.: Ovnrhiin «inl Kn<1onii*trhiin boi J^tyomUrmikeii, Ztscbr. f. 
Goburtsh. «. Gyiiill;. 102: :!(i, 

29. llounr, A.: Ziir HonriflMu'Sliinimiiii; <b‘r ICn^lnUinn, Ceiitriilbl. f. Gynilk. 11: 

()0S; 1SS7. 

30. llcrobi, L., mill G.; 7.\\r l-'raRO >k'r KpUbcbnctupluHio dor Gorvix- 

mid Korinisschlohuhuut imrli Zufulir voii I'ollikplhnrinon boi iiiclitknHtricrtcn 
iind kastriorlon Kultcn, Zi'ntralbl. f. Gyniik. Gl: 27, 19.37. 

.'il. Horroll, W. K.: Studies on Gio Kiubimotriuin in Associufion With the Normal 
Mcnstnml Gvclc, With Ovariati llvsf unction and Cancer of the UteniH, Am. 
.T. Obsl. it Gynec. 37: .'loO, 1939. 

32. llinsolmann, 11.; Die Atiolo};io, .Syinptomatolojtic iiiid Dinfjno.stik dcs Uterus- 

caroinoms. In: llandbuch der Gyniikolope (Stoockcl), v. G, pt. 1, Ariinchen, 
1930, .1. F. Berftmann, p. S.H. 

33. llintr.o, O.: Plnttcnepilhelknutcbcn in hyperplastischeu Driisen der Korpus- 

schloimhaut, Zentrnlbl. f. Gyniik. S2: 2209, 1!<2S. 

3-}. llintzo, O.: Klinische Nachunter.suchunjr an 2) Filllcn .<5ch\verer llyperplnsie 
dor Korpussehlcimhaul, Zentrnlbl. f. Gyniik. 63: 2390, 1929. 

3.'). Hisaw, F. U., and l.cndrum, F. C.: Squnmous Arotapla.sin in the Cervical 
Glands of the Monkev Followiiif^ Oe.strin Administration, Endocrinology 20: 
22S, 1930. 

30. Hofbaucr, .T.; GravidiliilsvcrUndorungon dea Cervixepithela und ilire Stclliing 
in der Xtiologic dea Utcruskarzinoni.s, Zcntralbl. f. Gyniik. 55: 42S, 1931. 

37. .TofTcoate, T. N. A., and Potter, A. E.: Endometriosis as a Alanifestation of 

Ovarian Dysfunction, ,T. Obst. it Gynaec. Brit. Emp. -11: CSl, 1931. 

38. Jones, H. O., and Brewer, .T. I.; A .Study of the Ovaries and Endometriums of 

Patients With Fundal Carcinomas, Am. .1. Obst. fc Gynec. 12: 207, 1911. 

39. Kurzrok, B.; The Estimation of Estrin and the Follicle Stimulating Hormone 

in the Urine as an Index of Thcrapv in Menstrual Dvsfnnction, Endocrinologv 
10: 301, 1932. 

10. Lacassagne, A.: Modifications progre.x.sives de 1 'uterus dc la souris sous Faction 
prolongeo do I’ocstrono, Compt. rend. Soc. dc biol. 120: ll.'iO, 1935. 

41. Lacassagne, A.: Tumeurs malignes, appnruos tin cours d’un traitement hor- 

monal combine, chez des souris nppartcnnnt a dcs ligndcs rofractaires au 
cancer spontane, Compt. rend. Soc. dc biol. 121: 007, 1930. 

42. Lipschutz, A.: Hj-perplasio oxpdrimentalc dc 1 'endoindtric avoc proliferation 

atypiquo de I'epithelc utdrin apri's des interventions ovariennos, Qynfic. et 
obst. 30: 108, 1937. 

43. Lipsehiitz, A.: Croissanco atypiquo des glandcs du corps uterin, epidermisation 

de la muquousc corvicale, troubles do I’equilibre entre ovairc et prehypophyse 
apres des interventions ovariennes, Gynec. et obst. 30: 481, 1937. 

44. Lipschutz, A., and Iglesins, R.: Alultiples tumeurs utiirlnos et cxtragenitales 

provoqudes par lo benzoate d 'oestradiol, Compt. rend. Soc. de biol. 129: 
519, 1938. 

45. Lipschutz, A., Rodriguez, F., and Vargas, L., .Tr.: Continuous and Discontinu- 

ous Treatment With Estrogens in Experimental Tumorigenesis, Endocrin- 
ology 28: 004, 1941. 

40. Lipschutz, A., and Vargas, L., Jr.: Prevention of -Experimental Uterine and 
Extrauterine Fibroids by Testosterone and Progesterone, Endocrinology 28: 
009, 1941. 

47. Lipsehiitz, A., Vargas, L., Jr., and Iglesias, R.: Sur la structure microscopique 

des tumeurs utdrines et abdominales dues il Faction du benzoate d ’oestradiol, 
Compt. rend. Soc. de biol. 129: 524, 1938. 

48. McEuen, C. S.: Metaplasia of Uterine Epithelium Produced in Rats By Pro- 

longed Administration of Oestrin, Am. .1. Cancer 27: 91, 1930. 

49. Mack, H.: Die histologische Bewertung von Hyperplasie der Korpusschleim- 

haut, nachgepriift an 200 Fallen, Zentralbl. f. Gyniik. 63: 2068, 1929. 

50. MartzlofE, K. H.: Carcinoma of the Cervix, vol. 2, chap. 51. In: Obstetrics 

and Gynecology (Curtis), Philadelphia, 1933, W. B. Saunders Company, 
p. 833. 

51. Aleyer, E.: Die Pathologie der Bindegewebsgeschwulste und Mischgeschwiilste, 

V. 6, pt. 1. In: Handbuch der Gyniikologie (Stoeckel), Miinchen, 1930, 
J. F. Bergmann, p. 211. 

52. Meyer, R., and Kitai, I.: Bemerkungen iiber endometrane Adenomyosis uteri 

in anatomiseher Beziehung und insbesondere iiber die histologische Wirkung 
der heterotopen Zellwucherung, mit kurzer Bemerkung zur Theorie von 
Sampson, Zentralbl. f. Gynak. 48: 2449, 1924. 



106 


.sukge;ry 


53. Migliavacca, A.: tiber die Umwaiullung des Uteruscpithels in sj’ncytiale 

Btruktur-unter liormonaleii Einfliis.sen (Boitrag zur Physiopafhologie der 
weiblichen Geschlechtshormonc), Arch. f. Gyniik. 159: 172, 1035. 

54. Nelson, W. 0.: Endometrial and Myometrial Changes, Including Fibroinyoma- 

tous Nodules, Induced in the Uterus of the Guinea Pig by the Prolonged 
Administration of Oestrogenic Hormone, Anat. Pec. 68; OS), 1037. 

55. Nelson, W. 0.: Atypical Uterine Growth.s Produced by Prolonged Adminis- 

tration of Estrogenic Hormone.s, Endocrinology 24: 50, 1030. 

56. Novak, E., and klartzloff, K. IT.: Hyperplasia of the Endometrium — A Clin- 

ical and Pathologic.al Study, Am. .1. Obst. & Gynec. 8: 385, 1024. 

57. Novak, E., and Bichardson, E. H., ,lr.: Proliferative Changes in the Senile 

Endometrium, Am. .1. Obst. & Gynec. 42: 564, 1041. 

58. Novak, E., and Yui, E.: Eelation of Endometrial Hyperplasia to Adenocarci- 

noma of the Uterus, Am. .1. Obst. & Gynec. 32 : 674, 1036. 

59. Oesterlin, E. .1., and Cron, B. S.: The Coe.vistenee of Uterine Ifyoina and 

Fundal Carcinoma, Am. ,1. Obst. & Gynec. 29: 176, 1035. 

60. Overholser, M. D., and Allen, E.: Ovarian Hormone and Traumatic Stimula- 

tion of Monkey’s Cervix to a Condition Bo.sembling Earlv Cancer, Proc. 
Soc. Exper. Biol. & Med. 30: 1322, 1933. 

61. Overholser, !M. D.; Atyiiical Growth Induced in Cervical Epithelium of the 

Monkey by Prolonged injections of Ovarian Hormone Combined with Chronic 
Trauma, Surg., Gynec. & Obst. 60: 120, 1035. 

62. Paj-ne, F. L.: The Clinical Significance of Endometrial Hvperplasia, Am. J. 

Obst. & Gynec. 34; 762, 1037. 

63. Pfeiffer, C. A.: Some Effects of 'I’cstos Transplants in Female !Mice, Anat. 

Bee. (supij.) 70: 62, 1038. 

64. Pierson, Hannah: Experimenlclle Erzeugung von Utcrusgoschwiilsten bei 

ICanincheu dutch Ovarialhormone, Ztschr. f. Krobsforsch. 41: 103, 1034. 

65. Pincus, G., and Graubard, M.: Estrogen Metabolism in Cancerous tind Non- 

Cancerous Women, Endocrinology 26: 427, 1040. 

66. Porter, J. E., and Bramhall, T. C.: Tlicca Cell Tumor of Ovary and Endo- 

metrial Carcinoma, Am. .1. Obst. & Gynec. 42: 012, 1041. 

67. Bussell, P. !M. G.: A Granulosa-,Ccll Tumour of the Ovary With Bemarkable 

Hyperplasia of the Uterus, J. Obst. & Gynacc. Brit. Emp. 47: 669, 1940. 

68. Schiller, W.; Cber Friihstadien des Portiocarcinoms und ihre Diagnose, Arch. 

f. Gynak. 133; 211, 1028. 

69. Schmidt, I. G.: Changes in the Genital Tracts of Guinea Pigs Associated 

With Cj'stic and “Interstitial Gland’’ Ovaries, Anat. Bee. (suiip.) 70: 69, 
1938. 

70. Schroder, E.: Anatomische Studicn -zur normalen und pathologischeu Phy.si- 

ologie des Menstruationszyklus, Arch, f. Gyniik. 104: 27, 1015. 

71. Schroder, R.; Granulosazelltumor des Ovars mit glanduliirzystischer Hyper- 

plasie des Endometriums und beginnendem Karzinom auf diesem Boden, 
Monatschr. f. Geburtsh. u. Gyniik. 68: 294, 1022. 

72. Seegar, G. E.: The Histologic Effect of Progesterone on Hyjrerplastic Endo- 

metria. Am. J. Obst. & Gynec. 39: 469, 1940. 

73. Selye, H., Thomson, D. L., and Collip, J. B.: Metaplasia of Uterine Epithelium 

Produced by Chronic Oestrin Administration, Nature, London 135: 65, 1935. 

74. Siebke, H.: Ergebnisse von Mengenbestimmungen de.s Scxualhormons. I. Mit- 

teilung. Sexualhormon im Blut, Zentralbl. f. Gt-niik. 53: 2450, 1929. 

75. Stohr, Grete: Granulosa Cell Tunior of the Ovary and Coincident Carcinoma 

of the Uterus, Am. J. Obst. & Gynec. 43: 586, 1942. 

76. Taylor, H. C., Jr.: The Coincidence of Piimary Breast and Uterine Cancer, 

Am. .1. Cancer 15; 277, 1931. 

77. Taylor, H. C., Jr.: Endometrial Hyperplasia and Carcinoma of the Body of 

the Uterus, Am. J. Obst. & Gynec. 23; 309, 1932. 

78. Taylor, H. C., Jr.: The Pathologv of the Ovarian Hormone, Am. J. Obst. & 

Gynec. 36: 332, 1938. 

79. Taylor, H. C., Jr., and Greeley, A. V.: Factors Influencing the End-Besults in 

Carcinoma of the Ovary, Surg., Gynec. & Obst. 74: 928, 1942. 

80. Taylor, H. C,, Jr., and Milieu, R.: The Causes of Vaginal Bleeding and tln.- 

Histology of the Endometrium After the Menopause, Am. J. Obst. & Gj-nec. 
36; 22, 1938. 

81. Tietze, K.: Granulosazelltumor und heterotope Tiefenwucherung der Uterus- 

schleimhaut, Ztschr. f. Geburtsh. u. Gynak. 91: 111, 1927. 

82. Witherspoon, J. T.: The Interrelationship Between Ovarian Follicle Cysts, 

Hyperplasia of the Endometrium and Fibromyomata; a Possible Etiology of 
Uterine Fibroids, Surg., Gynec. & Obst. 56: 1026, 1933. 



TAYI.OK: i;N'iH)nMxi>; IN oHUiiN (»r TfMonK or irrr.uus 


107 


Sli. Zoiiilok, B.; Dio Hciriiioiic iIoh ()vHriiuns «iul di's B ypoi)liyfi('iivnnlorlii])p('nR, 
Borliii, I’.KD, ,l«li\iR Sprinj^or. 

54. Zomli'k. B.: Briinilre pnlyltdrinituiilo AiiuMiorrlido mil f'lMiiihiliir-cyHliHcli-liypi'r- 

plnstiRCIipr Soliloimliimt. Aotii oiist. ot nyi'O'’- f^oiiiidiimv. 13: 30!!, 

55. Zomlok, B.: Tin- BfTt'rl of Brolont'Oil Applioiition of Ijurf^c Doror of I'nllirnlar 

Honnono on iko Uicnis of BnliUitF, .1, Kxpor. Mori. G3: 7Sii, B.iIUi. 

SO. Zoiulok, B.: The Kffoct of Bonji-ContimuMl Burm' Doses of i'olliele llormoiie 
I’pon the Uterus of the But, Am. .1. 01>st. Oynee. 33: I'.C’u. 

S7. Zondek, B,: Tiie KfTert of I’rolonced .Adminisirntion of Kslropen on the 
Uterus and tlie Anterior Pituitnrv of Ilnmnn Beinus, .1. Af. A. ll-l: IS.AO, 
I'MO. 

SS. Zuckermun, S.: lifferts of I’rnlonced Oestrin-Stimidiition on tlie ('ervix Uteri, 
Dnneot 1: -135, 1037, 

Zuckennnn, S., and Morse, U. 11.: 'I'lie Kxperiinentiil Production of Uxcessive 
Endometrial By\)crjdusia, Bur^^., (lynce. A- Olisl. Cl: 15, 1035. 



106 


SURGERY 


53. Migliavacca, A.: Uber die Umwandlung des Uterusppithels in .syncytiale 

Struktur-iinter hormonalcn Einfliisscn (Beitrag zur Phy.siopatliologie der 
■weiblicheii Geschleclitshormone), Arcli. f. Gyniik. 159: 172, 1935. 

54. iSTelson, !¥. O.: Endometrial and Myomelrial Changes, Including Fibromyoma- 

tous ICodules, Induced in the Uferu.s of the Guinea Pig by the Prolonged 
Administration of Oestrogenic Hormone, Anat. Pec. 68: 99, 1937. 

55. Nelson, W. O.: Atj-pical Uterine Growths Produced by Prolonged Adminis- 

tration of Estrogenic Hormonc.s, Endocrinology 24: 50, 1939. 

56. Novak, E., and klartzloff, 1C. H.: Hyiierplasia of tlie Endometrium — A Clin- 

ical and Pathological Study, Am. .1. Obst. & Gyncc. 8: 385, 1924. 

57. Novak, E., and Richardson, E. II., .Ir.: Proliferative Clianges in the Senile 

Endometrium, Am. .1. Obst. & Gynec. 42: .lOl, 1941. 

58. Novak, E., and Yui, E.: Relation of Endometrial Hyperplasia to Adenocarci- 

noma of the Uterus, Am. .1. Obst. & Gynec. 32: 074, 1930. 

59. Oesterlin, E. .1., and Cron, R. S.: The Coexistence of Uterine Hyoma and 

Fundal Carcinoma, Am. .1. Obst. & Gynec. 29: 17i;, 193.'). 

60. Overholser, M. D., iind Allen, E.: Ovarian Hormone and Traumatic Stimula- 

tion of Monkev’s Cervix to a Condition Resembling Earlv Cancer, Proc. 
Soc. Exper. Biol. & Med. 30: 1322, 1933. 

61. Overholser, il. D.: Atypical Growth Induced in Cervical Epithelium of the 

Monkey by Prolonged Injections of Ovarian Hormone Combined with Chronic 
Trauma, Surg., Gynec. & Obst. 60: 12!i, 19:’, 5. 

62. Pavne, F. L.: The Clinical Significance of Endometrial Hvperplasia, Am. ,T. 

Obst. & Gyncc. 34: 762, ltl37. 

63. Pfeiffer, C. A.: .Some Effects of Testes Transjilants in Female IMice, Anat. 

Rec. (supp.) 70: 62, 193S. 

64. Pierson, Hannah: Experimcntellc Erzeuguiig von Uterusgcsehwulsten bei 

Kaninchen durch Ovarialhormone, Ztschr. f. Krebsforsch. 41: 103, 1934. 

65. Pincus, G., and Graubard, !M.: Estrogen Metabolism in Cancerous and Non- 

Cancerous IVomen, Endocrinology 26: 427, 1940. 

66. Porter, J. E., and Bramlmll, T. C.: Theca Cell Tumor of Ovary and Endo- 

metrial Carcinoma, Am. .1. Obst. & Gynec. 42: 912, 1941. 

67. Russell, P. M. G.: A Grunulosa-,Coll 'fumout of the Ovary 'With Remarkable 

Hyperplasia of the Uterus, J. Obst. & Gynaec. Brit. Emj). 47: 669, 1940. 

68. Schiller, W.: tJber Friihstadien des Portiocarcinoms und ihre Diagnose, Arch. 

f. Gyniik. 133: 211, 1928. 

69. Schmidt, I. G.: Ciianges in the Genital Tracis of Guinea Pigs Associated 

lYith Cj’stic and “Interstitial Gland’’ Ovaries, Anal. Roc. (supp.) 70: 09, 
1938. 

70. Schroder, R.: Anatomische Studien zur normalen und pathologischen Physi- 

ologic des Menstruationszyklus, Arch. f. Gyniik. 104: 27, 1915. 

71. Schroder, R.: Granulosazelltumor des Ovars mit glanduliirzystischer Hyper- 

plasie des Endometriums und beginnendcni Karzinom auf diesem Boden, 
Monatschr. f. Geburtsh. u. Gyniik. 58: 294, 1922. 

72. Seegar, G. E.: The Histologic Effect of Progesterone on Hyperplastic Endo- 

raetria, Am. J. Obst. & Gynec. 39: 469, 1940. 

73. Selye, H., Thomson, D. L., and Collip, J. B.: Metaplasia of Uterine Epithelium 

Produced by Chronic Oestrin Administration, Nature, Eondon 135: 65, 1935. 

74. Siebke, H. : Ergebnissc von Mengeiibestimniungen des Sexualhornions. I. Mit- 

teilung. Sexualhormon im Blut, Zentralbl. f. Gyniik. 53: 2450, 1929. 

75. Stohr, Grete: Granulosa Cell Tumor of the Ovary and Coincident Carcinoma 

of the Uterus, Am. J. Obst. & Gynec. 43: 586, 1942. 

76. Taylor, H. C., Jr.; The Coincidence of Primary Breast and Uterine Cancer, 

Am. .1. Cancer 15: 277, 1931. 

77. Taylor, H. C., Jr.: Endometrial Hyperplasia and Carcinoma of the Body of 

the Uterus, Am. J. Obst. & Gynec. 23: 309, 1932. 

78. Taylor, H. C., .Tr.: The Pathologv of the Ovarian Hormone, Am. J. Obst. & 

Gj'nec. 36: 332, 1938. 

79. Taylor, H. C., Jr., and Greeley, A. V.-. Factors Influencing the End-Results in 

Carcinoma of the Ovary, Surg., Gynec. & Obst. 74: 928, 1942. 

80. Tajdor, H. C., Jr., and Millen, R.; The Causes of Vaginal Bleeding and the 

Histology of the Endometrium After the Menopause, Am. J. Obst. & Gynec. 
36: 22, 1938. 

81. Tietze, K.: Granulosazelltumor und heterotope Tiefenwucherung der Uterus- 

schleimhaut, Ztschr. f. Geburtsh. u. Gynak. 91: 111, 1927. 

82. Witherspoon, J. T.: The Interrelationship Between Ovarian Follicle Cysts, 

Hyperplasia of the Endometrium and Fibromyomata; a Possible Etiology of 
Uterine Fibroids, Surg., Gynec. & Obst. 56: 1026, 1933. 



XAtHANPON ; 


UOUMOKl-S ANO DISKASIIS 01' KRKA.ST 


109 


intornnl .soovotitin wliicli Imvo to do willi inniniiiai'y funolion will be 
described lirieny. 

Hormones of tbe Gonads. — 

1. Ovarian Jlonnoursr- " 

Estrogens (The FoUientar llonnones ). — It is now jicncnilly iiceeplcd 
tliat the eslrotrens arc caiialtlo of devclopintr Ibc duel .systems in (lie 
breasts of man and animals. In some species acinar develo])men1 and 
occasionally secretion may rissult from this .stimulus only. Tn animals 
such as tbe mouse and rat, ductal chanire alone is noted, whereas in 
"uinea pigs and the primates such as the monkey, lobule areolar growth 
occurs as well. In the human subject, estrogens have produced de- 
velopment of the breasts of botb sexes and in individuals of all ages.^' ^ 
Evidence from several sources .suggests an effect on the periductal 
connective (issue. The variability in efi'cets may not be due to species 
ditTerences alone, but may depend also u))on the dosage level” and the 
structure of the estrogen u.sed.*''' Amounts u.scd above a certain level 
may fail to .show additional phy.siologie change or hy])erplnsia’® or may 
aclimlly iiroducc stunting of the duct .systems.'- ” 

Progestin (The Cor]nis Luie.nm Hormone ). — Since estrogens were in- 
capable of developing the breast beyond the duct .sy.stem in most 
species, investigators naturally turned to the corpus lutcum. In those 
instances in which no efl’cet was obtained from progestin alone, simul- 
taneous administration of estrogens induced alveolar and lobular 
growth.'^ There is no question of the efTect of proge.stin in pregnancy. 

II. Testicular Hormones: 

Testosterone and several other androgens are also capable of stimu- 
lating the mammary glands in certain .s])ecies. Ductal development in 
the rat has been observed by some investigators,” while others have 
noted lobular growth as well.”’ ”• Secretion in the breast of the 
rat” and the monkey” has also followed the administration of testo.s- 
terone and related compounds. Jlammary enlargement in eunuchs 
treated with testosterone is not uncommon.’' The evidence concerning 
these actions is not as clear cut as that of the estrogenic effect. 

Hormones of the Adrenals, — It is fairlj- certain that the adrenals are 
concerned in the genesis and metabolism of the sex hormones. Estro- 
gens and androgens have been isolated from the gland in addition to 
the known cortical hormones. One of the latter group, desoxycortic- 
osterone has been reported to stimulate mammary growth.” The ad- 
renals may also be concerned in lactation, but it is possible that this 
is more closely related to the effects of carbohydrate, water, and salt 
metabolism rather than to a specific action. 

Hormones of the Pituitary Gland. — In recent years evidence has ac- 
cumulated that the hj^pophysis is also necessary for mammaiy growth. 
Two types of hormones have been described. 
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I. Mammogenic Hormones:^' 

Mammary involution occurs rather promptly after hypophysectomy. 
It has been reported that the changes usually produced in the breast 
of animals by estrogens and androgens are not found when the hy- 
pophysis is previously removed. Although there have been reports to 
the contrary, these landings suggested the possibility of a hormone 
elaborated by the hypophysis. Evidence suggests the existence of sxieh 
a mammogenic hormone. Turner and his associates postulate that two 
such hormones may exist. One they term Mammogen I, which they 
believe respoaisible for ductal development, and the other Mammogen 
II, which may cause lobule-alveolar gx-owth.’” They further believe the 
foi’mer hoi-mone is stimulated by e.strogens and androgens and the 
latter by progesterone and estrogexxs. "Whether these hormones act 
directly upon the breast or are neeessai'y for the action of the other 
hormones is not settled. 

II. Lactogenic Hormone:^’ 

The production of lactation under certain conditions by anterior 
jaituitax-y extracts led to investigations which x'e.sulted ixi the isolation 
of a specific lactogeixic hormone fx’om the hypophysis — prolactin.^®’ 
Laetatioxx could not be ixxduecd ixi axi undeveloped breast, but it was 
demoxxstrated subsequexxtly that suitable stimulation by the ovarian 
hormones was also xiecessary. Px’olactin has recently beexi highly puri- 
fied and it has been suggested that this horxnone, rather than the mam- 
mogens, may be a more important factor ixi mammary development.®^ 

These facts emphasize the pituitax-y-goxxadal relationship. They in- 
dicate that normally a balance exists between the hox-mones of these 
glands ; an alteration in this balance may give rise to atypical changes 
in the organs upon which the hormones act. 

EVIDENCE FOR A NERVOUS CONTROL OF THE BREAST 

Evidence exists that the nervous system is involved in some fashion 
in the physiologic I'esponses of the breast. Suckling in the virgin rat 
has resulted in mammary development, lactation, and inhibition of the 
estrous cycle.®® This presumably woi-ks reflexly by way of the hy- 
pophysis. In women suckling certainly plays an important role in the 
maintenance of lactation. Moreover, there are numerous instances 
cited of lactation and breast changes in children, the virgin female, 
and even in the male after stimulation of the nipple alone.®* Many 
lesions of the breast are associated with disease in the pelvis, which 
xnay atfect the breast not only by distux-bances of ovarian function, 
but by way of the pelvic sympathetic nerves.®® It must be inferred, 
therefore, that the nervous system is important in the maintenance of 
mammary function, but probably in an indirect manner, since the 
elaboration of hormones may be partially initiated by or dependent 
upon nervous stimuli. 
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lUSTOt.OGu; oiiANor^; jn tiii; hui'-ast nfKiNo Till; >ii:.NSTiii:Ah (iycia: 

Thcro is evitldUH* thnl ii oyolio olimmo (X’curs in tlin broiist, wliicli 
(“iin bo oovrolatoii with n rise niul fnli in ovnrian nciivily durinfj tbo 
nionslvual oyedo. (bio jicoup of writors nniintnins that in Ibo latloi’ 
part of tho monstrnal oycio thoro is spronlinfr of tin* dnols to form 
noini, wbiob almost complotoly (1isap])oars in tin* poslmonstrunm.''’’ “ 
Otbors, bowovor. boliovo tins oyolo (»f opilbolial proliferation and ro- 
sirossion to bo oxaujroratod and are of tbo opinion tbat tbo most sirik- 
injr feature is edema of the eonneetivo tissue durinp tbo premon- 
struum."''*' Tbere is also vaenolization of tbo cells Avbieb supfiests a 
secretory phenomenon. Studies of wlioie sections of tlto breast have 
shown that the detrree of activity i.s not similar throujxhout.*' This 
has been attributed to the lack of uniform response to a {riven stimulus. 
A similar reaction is known to occur in the endometrium. Since mo.st 
of the studies wore made on small areas of breast tissue, it is npi)Jirent 
tbat no concrete concoiition of tho ehnnjres can be fully determined 
until whole sections are made fnmi many noi'inal bi-easts throupbout 
the cycle. 

Coichtsions . — Complete development of the breast is manifested by 
the presence of certain static structures (duct.s, ]obnlc.s, and acini). 
Variations of these structures may occur durinp; the menstrual cycle 
as a re.sult of rhythmical stimulation with the hormones. We have 
concluded that the breast is prepared each iiionth for prepfiiancy, since 
it is subject to tho same influence as tlic uterus. Like the uterus, it 
has both its proliferative phase induced by estrogens and its secretory 
phase by progestin and the anterior pituitary. A pi-occss analogous 
to menstruation then occurs which is represented by some involutional 
change and absorption of the secretion if pregnancy does not ensue, 
[t is only by accepting those po.ssibilities that one may have a concise 
and logical explanation for the hormonal and nervous action on the 
breast, Avith the resultant changes during catamenia, pregnancy, lacta- 
tion, and the disease states to be described. 

PHYSIOLOGIC CHANGES IN THE BREAST AT VARIOUS PERIODS OP LIFE 

Birih. — Activity of the majiimary ducts in iieAvborn infants is com- 
mon. Witches milk also occurs in a fairlj’’ high percentage of these 
babies. This activity probably originates from the hormones of the 
pregnant mother, since practically complete regression of the infant’s 
breast tissue folloAA'S shortly after delhmiy. 

Puberty . — After birth the breasts are inactive until the changes lead- 
ing to puberty appear. In the female, development of the breast 
usually appears about the tenth year and this is associated Avith a 
definite increase in activity of the gonads.^® At first the changes are 
confined to the ducts and periductal connective tissue, but even before 
the menarclie there is eA'idenee of acinar and lobule formation. In the 
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male between the aj^es of 12 and 17 years there is also a change in 
the breast.®“ The histologic picture is similar to that observed at the 
onset of breast growth in the female. These changes nsually subside 
spontaneously in contrast to tliose in the female, wliere there is usually 
continued mammarj' development once the cyclic acti\aty of the menses 
is established. 

Adult Cyclic Female. — In the normal adult female there appears to 
be a cyclic change in the breast associated wnth the fluctuations of 
hormonal secretion during the catamenia. Whether these changes are 
purely epithelial, vascular, secretory, or combinations of these is a 
matter of dispute. At any rate there seems to be no doubt that mam- 
mary changes do occur dining the menstrual cycle and that as stated 
before they are dependent upon ovarian and pituitaiy secretions. 

Pregnancy and Laciaiion. — The changes which occur during preg- 
nancy and lactation are well recognized and are certainly controlled 
to a large extent by hormonal secretion. The changes in the breast 
in the first half of pregnancy are rapid growth of the lobules and 
epithelial proliferation. In the latter half the acinar epithelium en- 
larges and secretes, tlius causing distention of the aeini.^ During 
pregnancy the placenta is probably the main source of stimulation, 
whereas during lactation the pituitary gland is most likely the domi- 
nant activator of mammary function. 

Climateric. — At the menopause when the ovarian stimuli recede to 
a low ebb, the mammary glands exhibit regressive changes. In some 
instances, evidence of activity in the lireast is apparent years after the 
cessation of the menses. This may be caused by a continued but 
lowered secretion of an activating hormone, possibly from the ovary. 
In other cases, particularly late in life, there may be an almost com- 
plete atrophy of the gland. 

In summary it may be stated that mammary development, growth, 
and regressive changes are dependent upon the rise and fall of hor- 
monal stimuli principally from the gonads and the hypophysis. The 
exact mechanism by ivliich the metamorifliosis takes place is still ob- 
scure, but present knowledge allows at least a working hypothesis for 
the understanding of some of the diseases of the breast to be desci'ibed. 

PRECOCIOUS DEl-ELOPMENT (INFANTILE HYPERTROPHY) 

Aside from the changes noted at birth there are numerous instances 
of premature mammarj- develoinnent in children. These are usuallj’^ 
associated with demonstrable lesions, although in some eases the etiologj- 
is vague. 

Specific Associated Factors. — 

Lesions of the Third Ventricle: Tumors, defects, and inflammatory 
lesions in the region of the third ventricle give rise to true pubertas 
praecox. The breast changes are merely part of the genei-al picture 
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of (lovolo])nu>nl:i! and soxua] ailvanro. 'PIr* niosl prol)al)lo explanation 
for llip pfTocI i.s a .sliimilation of the liypn])liysis via the hypollialaimis 
and infundibulum. Ovaries of tlie.se jialienls show marked follicle 
stimulalion and cyst formation and in one instance a true corpus 
luteum lias been reported.'" 'I'lie breasts exhibit dueial development 
but rarely lobule formation. This activity in the ovary jirobably in- 
itiates the secret ion of the hormones, ivliieli in turn cau.ses •rrowtli of 
the secondary .sex orfraiis ineludiiifr the breast. This thesis is eon- 
tirmed by assays of the urine of these patients, which usually show 
increased levels of sxoiiadotropic hormone, estro^mns, and 17-ketosteroids 
(androgens).” 

Lrsious of ihc Adrninl Cortrx: In general, iicojila.snis of the adrenal 
cortex in the female ehild jiroduec iiiasculinizalion, but there are cases 
in which the first signs are feniiiiization.''’ Sinee tlie adrenal gland is 
a probable source of estrogens it is possible to explain the early mam- 
mary hypertrophy on this basis e.sjieciaily since excretion studies reveal 
increased amounts of the hormone.''’ When masculinization and rc- 
gre.ssion of the breasts occur, they are aecompanied by significant 
increases in the androgenic output even though the c.strogen levels 
msually remain elevated. Thins, it is reasonable to assume that this 
rovcr.sal is of androgenic origin and therefore that the androgens are 
not responsible for the original breast hypertro])hy. 

Ovarian Lcsionx: Among the associated exciting factors of prema- 
ture mammary development arc lesions such as the granulosa-cell tumor 
and teratoma of the ovary. These lesions when active arc usually 
associated with generalized feminization, accompanied breast enlarge- 
ment, uterine bleeding, and cornification of the vaginal epithelium. 
This .syndrome must be distingui.shed from true pubertas praecox. 
However, here as in the other states, the breast changes are probably 
due to estrogens elaborated by the le.sions, since the cells involved are 
those which pre.sumably produce the hormone. Assays of the urine in 
most instances reveal elevated excretion levels of estrogens, wliereas 
the titres of the other hormones remain normal.''" 

Idiopathic Breast Development. — In a few children premature breast 
development occurs without known cause. Other secondary sex changes 
are usually normal or only slightly advanced. Histologic examination 
reveals ductal development, but for the mo.st part assays of the urine 
for hormones do not reveal any abnormalities. 

Hormonal Induced Infantile Hypertrophy. — It has been the experi- 
ence of many that administration of estrogenic hormone to the female 
ehild for gonorrheal vaginitis frequently results in mammary growth. 
There is no question that these changes are due to the hoi'mone since 
regression occurs rather rapidly after cessation of treatment. 

Conclusions. — The available evidence suggests that premature mam- 
mary development is due in large part to the effect of the estrogenic 
hormone. It is probable, particularly in lesions of the third ven 
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tl'icle, that the pituitary hormones are also a factor. Histologically the 
changes are confined for the most part to the duct sj'stem and peri- 
ductal connective tissue. Thus, they correspond to the state produced 
by a known stimulus and in this sense represent a physiologic response 
to premature or excess secretion of the hormones. Kemoval of such a 
stimulus is followed by a rapid regression to the normal state, 

HYPERTROPHY OF THE BRE:AST 

Asynuyieirical PrepnheriaJ IFypertrophij. — At about the age of 10, 
when normal breast development usually commences, thei’e may be a 
rapid growth of one breast which is out of proportion to that of the 
other breast. This is commonly referred to as early ilpeuing and is 
not true hypertrophy. Eventually the more slowly d'^veloping breast 
usually attains the size of the larger breast and at the time of puberty 
both are of almost equal size and Avithin normal limits. Since in mo.st 
females the breasts are not identical in size, this seems to represent 
an exaggeration of a normal phenomenon. Histologically the changes 
are no different than those in the normal adolescent. Estrogen excre- 
tion is usually normal. The eaidy inequality is explained by some in- 
A'estigators as an increased sensitivity of the involved organ to a 
normal physiologic stimulus.^^ 

Pubertal and Postpuhertat Hypertrophy. — Pubertal and postpubertal 
hypertrophy abnormalities may be cla.ssed as true hj-pertrophy. The 
process is either unilateral or bilateral and is easily distinguished from 
early ripening by the size of the breast. It may manifest itself at 
puberty although .similar changes are associated with pregnancy and 
lactation. Histologically there is an increase in ductal groAvth, but 
connective tissue increase is more striking. Lobular dcA'elopment is 
I'are especially in the Aurghial type. Estrogen assays are usually nor- 
mal. but may show elcA'ated Ica’cIs of the hormone. Again, as in early 
ripening, the changes may be due to an exeessh'e stimulation or to 
increased sensitiA'ity of the breast. 

FIBROADEXOJl.V OF THE BREAST 

Obseiwations .suggest that these tumors may be of hormonal origin. 
It is possible that they may arise as a result of abnormal or excessive 
stimulation, since they usually occur Avhen the metabolism and secre- 
tion of the sex hormones are at their height and may, in addition, be 
abnormal. 

Clinical Aspects. — The le.sions seldom develop before puberty or after 
the menopause, except possibly in the presence of a granulosa-cell 
tumor or similar abnormality of the OA'ary. Thej”^ are seen most fre- 
quently in the second and third decade. It has been suggested that 
fibroadenomas occur most frequently in Avomen of a definite consti- 
tutional type, that is, nuUiparous females with a relative underdevel- 
opment of the pelA'ic organs and breasts.^® The menstrual cycles of 
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palii'lils with lihroadrlioinas thr livoasl uia* srUlom aloutnual, bill 
sonic fiivc a liislory <if a period of atypical cycles followiiijr the luen- 
arebe. Kndometrial biopsies on sncb patients do not ri'veal any {ji’oss 
abnormality. Since these lesions arise most frcriuently jirior to jircp- 
naney, the re])roductivc history is not of .siirnilii’ani'e. The incidence 
of ]ielvic disease in jiaticnts with (ibniadenoma is relatively small when 
compared with that in other types of beiiifin breast disease. Abnor- 
malities present in the earlier years ari* nsnall.v nndei’dcvelopment of 
the pelvic organs or are conpenital in orifrin. 

Exprrivirvtnl Eiudirs . — Studies on the occurrence, alteration, and 
jiroduetion of these lesions in the experimental animal and the human 
beiiifr are of interest with regard to the jio.ssibilities of horniones as 
ctiolopie afients. It has been vejmrteil that estrofien jiellets or estro- 
frens with prolonged activity ])rodncc a hi^^h jicrcmitaLH’ of true fibro- 
adenomas in a strain of rats which ordinarily have a low .spontaneous 
incidence of the disease.’"’ Althouirh others Inna* been unable to con- 
firm these findiufi.s, neither the method of estrofren administration nor 
the strain of rats was identical.”' In our clinics, patients have been 
friven c.strogcns over a loiifr period in the iiresence of and foUowiiifi: 
the removal of fibroadenomas. No now tumors have been observed 
which could be attributed to the hormone. On the other hand, it is 
not uncommon for new lesions to arise siiontaneonsly when others are 
already in'csent. l?eRnrdin<r the activity of fibroadenomas under hor- 
monal influences, there can be little doubt, riiances have been ob- 
served in the .size and liislolofry of the tumors durinp- the menstrual 
cycle,-' pregnancy, and lactation.-"''’- Androgens decrease the glandu- 
lar elements in both the spontaneous and transplanted fibroadenomas 
of rats and may convert them to fibromas.^"- ■" Studies in this labora- 
tory I’eveal that androgens may produce atrophic changes in the breast 
epithelium and may actually cause disappearance of the terminal 
tubules of the mammary gland of the mouse. Tn short, therefore, 
fibroadenomas, at least in the ex])erimental animal, unlike carcinomas 
of the breast are subject to the same changes as normal breast tissue. 
It is difficult to see why a circulating hormone should not affect the 
breast uniformly. Yet there is evidence that the res])onse of the breast 
is not uniform to such a stimulus. Since the histologic characteristics 
of the fibroadenoma are similar to those seen in the normal breast, it 
has therefore been suggested that the lesions are not actual tumors 
but because of a localized sensitivity represent a specific response to 
normal stimuli.'’- 

Excretion Studies. — Studies of the urinary excretion of estrogens 
have been carried out in eight patients with the disease.'*^ Some of the 
patients developed more tumors during the period of observation. 
Assays were continued throughout a minimum of one menstrual cycle. 
Tn the majority of cases the monthly curve of excretion resemliled those 
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of normal controls in the same age group although a few had atypical 
curves. The latter may represent an Jibnormal excretion, but there is 
no direct evidence that they are characteristic for the disease. The 
process is slow and since all patients were studied after the onset of 
the disease it is possible that abnormalities may have been present 
earlier. The findings do not prove that estrogens are not involved 
since, as stated before, the tumors may arise as a result of a localized 
response to normal stimuli. Furthermore, excretion rates as will be 
pointed out later, must be interpreted with caution, since they repre- 
sent only one index of activity. 

Conclusions . — There is a suggestion that estrogens are involved in 
the initiation of fibroadenoma of the breast. The lesions are usually 
slow growing and, although not noticed, may arise in the eai’ly years 
after the menarche when atypical menstrual activity is not uncommon. 
They resemble the changes seen in early ripening and hypertrophy 
and may represent a more localized response to a normal stimulus. 
There is no direct proof, however, that the hormones are the exciting 
agents, in spite of histologic alteration during various physiologic 
states or after hormonal administration. The possibility of a definite 
constitutional tj’pe must be considered. One is forced to conclude, 
therefore, that factors other than hormones may be operating as well. 

CHRONIC J.IASTITIS, CYSTIC DISEASE, /VND PAPILLOMAS 

The terms chronic mastitis or chronic cystic mastitis have been used 
to denote a variety of benign lesions Aidthout obvious tumor formation. 
It is now recognized that some of the lesions included under such 
diagnoses can be distinguished as definite entities. For an under- 
standing of possible causative factors it seems preferable to establish 
a working classification, based on clinical and microscopic observa- 
tions. No one classification has been found to be satisfactory because 
of disagreement among pathologists and clinicians. The classification 
to be offered here is not original, but is an attempt to combine our own 
observations with those of others. Even though there are obvious dis- 
crepancies, it is helpful in differentiating the Amrious manifestations of 
breast disease and their possible causathm factors. 

Adenofibrosis. — A syndrome for Avhich Taylor*^ has .suggested the 
term adenofibrosis seems to be a distinct entity. Semb^^ has referred 
to the lesion as fibroadenomatosis. Probably the earliest signs and 
symptoms are those of premenstrual SAvelling and pain associated with 
tenderness of the breast. The relief usuallj' folloAAdng the onset of the 
menses is dramatic. This early stage is commonly referred to as 
mastodynia or mastalgia. The physical signs are usually minimal and, 
beside slight premenstrual SAvelling and Amnous engorgement, may 
shoAV only a slight thickening in the upper outer quadrant. Histologi- 
cally there may be only a slight increase in the periacinar connective 
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lissuc, and edoinn. As the process eonlimies. the syini)1onis and sifrns 
become more prominent. Tliere may be only an aeeentualion of nodu- 
larity in tlie upper outer quadrant, but usually tlie proee.ss is more 
diffuse. Tliere is an increase in density of the entire frland, wliich is 
•well differentiated from the overlyiii" skin, tlie subcutaneous li.ssue, 
and the umlerlyiiif' structures. Tn the advanced eases, the entire breast 
resembles a saucer or di.se and a definite edfie can be palpated. The 
gland may be finely granular or moderately nodular, and in the ])re- 
menstruum exhibits marked swelling and venous dilatation. Histologi- 
cally there is usually a marked increase in the eonneelive ti.ssue stroma 
with lo.ss of or defective lobule formation. Fretpienlly in addition to 
the stromal change there is jn-oliferation of the acini, although the 
epithelium itself may not show activity, ^fany v.-iriations of tlie 
process may be seen. In most eases venous engorgement and edema 
are prominent features, e.specially in the iiremenstruum. This may 
account for the typical cyclic pain. It apjiears to be the basic jirocess 
and other features .such as epithelial proliferation may be superimposed 
as a later manifestation.^'' For a detailed and e.Kcellenl description of 
the .sjmdrome and its histologic features one is referred to the Avork 
of Taylor and AValtmau.^'' 

Clinical Aspects: Adenofibrosis mo.st commonly occurs in the second 
and thii’d decade of life, and in this rc.s])ect I'esembles the fibroadenoma. 
Regression occurs after the menopause or following castration. A 
study of the menstrual cycle bj' most observers reveals that shortened 
intervals accompanied by a scant flow of short duration is not un- 
common.^^’ The cyclic character of the ])ain during the cycle has 
been described. Endometrial biopsies usually reveal normal patterns. 
The incidence of sterility is relatively high. In those women who liaAm 
borne children, the proce.ss is .sometimes .‘jeen after a long period of 
infei-tility. Disease of the pelvic organs frequent Ij" accompanies the 
breast change. Taylor is of the opinion that so-called pelvic conges- 
tion or chronic parametritis is a salient associated lesion.““ Permanent 
changes may thus result from such chronic congestion. He further 
believes that these Dvo conditions may be produced by a similar 
process, Avhich is at least partially dependent upon disturbances of the 
vascular and nervous systems. Such disturbances may possibly arise 
from, or may lead to, endocrine dysfunction. 

Experimental Studies: Many attempts have been made to reproduce 
these lesions in experimental animals. Geschickter'*® injected rats with 
a daily maximal physiologic dose of estrone and noted changes re- 
sembling adenofibrosis. This was also obtained by combining injec- 
tions of progesterone or testosterone with larger doses of estrone. 
Taylor and Waltman^® were unable to produce these lesions in mice. 
These differences may possibly be reconciled by a consideration of the 
type and dosage of hormone used and by difference in the strain or 
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species of experimental animal. The production of edema may be due 
to the hormones of the ovai'y since they have been shown to cause 
retention of fluid.''" Increased vascularity may be produced by estro- 
gens, although nervous stimuli may he respon.sible either by a direct 
action or indirectly through activation of hormonal secretion. 

Excretion Studies: Taylor*®* could find no gross abnormality either 
in the total output or the configuration of the monthly curve of estro- 
gen excretion. Bucher and Geschiekter''® made similar observations 
but stressed the total output. Nathan.son'"’ studied the cycles of ex- 
cretion but did not attempt to estimate the total output since the con- 
figuration of the curve was considered more significant. Some of the 
patients exhibited atypical curves although such abnormalities were 
not constant from month to month. An analysis of several of the 
curves presented by Taylor and Bucher and Geschickter also suggests 
a similar anomaly of excretion, which is not usually found in a woman 
with a normal cycle. When one considers the configuration of the 
excretion curves, these three studies seem to be in essential agreement 
Avith regard to estrogen excretion. 

A study of the possible role of the corpus luteum hormone has also 
been made. Nathanson noted a loAvered excretion of pregnandiol' in 
only a fcAV of the cases studied while Bucher and Geschickter found 
similar changes in all of their patients. Assays of the gonadotropic 
hormone by Taylor and by Nathanson revealed no gross alterations. 

Conchisions: Adenofibrosis of the breast represents a disfinct entity. 
The secretions of the OAmi'y seem to be a prerequisite for the produc- 
tion of the syndromes althoiigh they may not be the exciting factors. 
Nervous stimuli, vascular reactions, and the mechanism of hormonal 
secretion are closely interAVOven, so that all three factors may be in- 
A'olved in the process, particularly regarding the edema and congestion. 
Excretion studies are slightly suggestive of a hormonal imbalance. 
The possible role of unopposed or atypical stimulation by the hormones 
also remains to be clarified. Slight abnormalities of the menstrual 
cycle and associated pelvic disease suggest a hormonal etiology. It 
can be concluded as in the case of fibroadenoma that the hormones 
are possibly involved but that other factors are also necessary for the 
production of the syndrome. 

Nonpuerperal Secretion. — The salient feature of this type of breast 
disease is discharge from the nipple Avhich may be accentuated before 
the menses. The process is sometimes associated Avith SAvelling and 
cyclic or acyclic pain. The dischai*ge may abate at the menses, but 
usually persists throughout the cycle. It may be serous or resemble 
colostrum and shoAv varying degrees of viscosity. It is to be dis- 
tinguished from the serosanguineous or sanguineous discharge so fre- 
quently associated with duct papillomas, marked epithelial hyper- 
plasias, and carcinoma. Examination usually reveals dilatation of the 
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ducts, especially near the areola. a»id slifilif nodularity elsewhere in 
the breast. The nipples arc frequently crusted and the nianiniary tis- 
sue il.self is ill-defined. If secretion is not obvious, removal of the 
crust with f^entle pressure on the breast usually results in the escape 
of fiuid from the nipple. On frross and micro.seopie examination the 
duets are dilated and contain secretion, des(|uamated colls, and debris. 
Frequently, eheesy inspissated material is seen. Hyperplasia of the 
dnet and acinar e])ithelium may be superim]iosed. 

Clivicol Aspects: These lesions oeetir most frequently durinj^ the 
third and fourth decades. Many eases ai)j)ear at onset of the meno- 
pause. llemi.ssion of sym])toms and sifins is of frequent occurrence 
after castration or when the menoi)ause is eomi)Iete. The menstrual 
cycles may be normal, but prolonqation of the interval is eominqn. In 
contrast to the findiiifrs in adenofibrosis the endometrium is frequently 
atypical. Absence of the secretory phase is most eonnnon, although 
hyperplasia is relatively rare.'*’ In contrast to adenofibrosis. many 
women with this disease have borne children.- Lactation may be nor- 
mal but faulty lactation or premature weaning frequently precedes 
the onset of the di.sease. Pelvic disease is fairly common in this group. 
Ovarian cy.sts predominate over other abnormalities. 

Experimental Studies: Prolonged in.ieetion of e.strogens in mice re- 
sults in changes similar to those de.seribed in the human being.''“ The 
rat also shows a similar reaction particularly when e.strogen adminis- 
tration is followed by jirolactin.*’’ ” 

Excretion Studies: The excretion of estrogens throughout the men- 
.strual cycle is definitely atypical in a high percentage of cases. It Avas 
found that the peaks oi'dinarily seen at the time of ovulation and at 
the height of coi'pus luteum function were frequently absent.^’ More- 
over, the daily excretion Avas somcAvhat loAver than that observed in 
normal sub.i'ects. Taylor''-'' also came to the same conclusion from an 
interpretation of the configuration of the curve and the total monthly 
output. Pregnandiol excretion in these patients is usually loAver than 
noi'iual."^ There is no consistent abnormality in the excretion of the 
gonadotropic hormone, although there is a suggestion of an excessive 
output particularly in the premenopausal group. 

Conclusions: Nonpuerperal mammary secretion seems to be due to 
endoci’ine dysfunction. It is akin to lactation and is frequently allied 
Avith abnormalities of the process. It is probably due to an ovarian 
dysfunction, in Avbich the normal cyclic secretion of estrogens is absent. 
Deficiency of the corpus luteum as evidenced by loAvered pregnandiol 
excretion and atypical endometrial biopsies is also of importance. 
Such a state is suggestive of an anovular cycle, a state Avhich often 
occurs in the premenopausal period AA’^hen the breast lesions frequently 
make their appearance. The process could, therefore, be caused by 
continuous estrogen stimulation, AA’^hich is unopposed or not supple- 
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merited by the corpus luteum hormone and, thus, may be analogous 
to the production of similar lesions in mice. As. a part of the dj'sfunc- 
tion there may be an alteration of the pituitary secretion, so that this, 
too, may be a factor in the production of the syndromes. 

Combined and Miscellaneous Types. — Unfortunately, many of the 
lesions seen by the clinician are not as clear cut as those described. 
There may be combinations of adenofibi-osis and nonpuei’peral secretion. 
Others maj^ show, in addition, cyst and papilloma formation. The latter 
may be superimposed on the trvo basic lesions described.^'' Such a phe- 
nomenon may occur Avhen the less complicated lesions are of long stand- 
ing and are subjected to continuous or new stimulation. This group of 
mixed lesions leads to the greatest confusion in diagnosis and interpreta- 
tion of causative factors. At pi-esent because of an incomplete under- 
standing of these tj-pes, it is difficult to evaluate possible exciting factors. 
Lesions resembling the various types have been produced in animals by 
vaidous hormones, particularly the estrogens. At any rate one may be 
safe in assuming that factoi’s concerned in tiic pi'oduction of the more 
cleai'-cut lesions may also be responsible in the production of this 
hetei’ogenous group. 

Cystic Disease of the Breast. — 

Clinical Aspects: True cystic disease of the breast may manifest itself 
in a variety of forms. It usually occiu’s in women in the latter part of 
active sexual life and is especially common about the time of the meno- 
pause. Unlike adenofibrosis or nonpuerperal secretion, regressions fol- 
lowing the menopause are infrequent. Diseases of the breast such as 
those described may precede cystic disease. The menstrual cycles are 
usually normal. Cyclic swelling and suljjective and objective sjuiiptoms 
other than the presence of iumpiness of the breast are conspicuously 
absent. The disease occui’s most frequently in the childless woman, and 
the incidence of coexistent pelvic disease is not unusual. The physical 
findings are well recognized, but the process must be carefully distin- 
guished from the lesions previously described. 

Three well-defined t%'pes are seen : 

1. Cysts without epithelial hyperplasia 

2. Multiple cysts irith epithelial hjqjerplasia (Reelus’ disease) 

3. Multiple cysts with marked epithelial hj-perplasia and papillom- 
atous change (Schimmelbusch’s disease, adenosis). 

The soHtaiy cyst is primarily of duct origin, while the lesions with 
multiple cysts may show the greatest change in the acini. 

Experimental Studies: The various manifestations of cystic disease 
in the woman can be duplicated by the administration of estrogens 
alone^"’ or in combination with prolactin®’ to the experimental ani- 
mal. Some believe estrogens to be the causative agent in the human being 
and Gesehickter has reported the development of cystic disease following 
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sucli sliimiliiliou in llio woiiiiiii.^’ In oiii’ ('xpci'iciicc cvoii wlicii Hit' 
liofmoMo is jrivoii lo ])!itit'iits with tin* (iisoiiso. no cliiinfics liJivc .•i])i)(’!irorl 
which conhl lie nscrilictl to litirinonnl .•idniinistr.'ition. 

ICxcnimi .S'/itt/u.v: hi lliis Inhorntory. no conslant pattern of excre- 
tion of estrogens was found in palieiits with cystic disease. As in the 
other tyi)cs of henifrn l)i’east tliscasc, atypical cycles of excretion were 
encountered, hut the deviation from normal was not sufficiently •rreal 
to warrant an a.ssinniition that they were sifinificant. Pregnandiol ex- 
cretion was also variable. Hncher anti (leschiclctei*" found extiemely 
low values of piepnandiol in two ea.ses and equivocal curves of estrofren 
exci'ction. 

Conclusions: Cystic di.sca.se in the human heiiifr can he simulated by 
the administration of hormones to animals. Other evidence, also, .sug- 
gests the internal .secretions as partieipating aaent-s. However, as in 
most othei' jiroce.sses oi'dinarily included undei' this heading, the data 
are still far fi'oni conclusive regarding the hoi-mones as I he* pi'imai'y cause. 

BUNION niniAST DISBA.SK IN TUB AIABB 

As in the female, benign di.seaso in the male breast is erroneously 
designated as mastitis. So!nc refer to most typc.s as gynecomastia, hut 
this should be reserved for a special gronj). 

Adolescent or Puheriy Mastitis . — In the male, this is akin to that seen 
normally at the onset of the breast development in the female. It 
usually appeal's between the twelfth and seventeenth years. It is char- 
acterized by the presence of a well-defined, freely movable, discoid mass 
beneath and closely associated Avith the areola. Tlie ma.ss may vary in 
size from less than 1 to 5 cm,, but as a rule is 2 to 3 cm. The nipple and 
areola may also be increased in size. The ])rocess is usually unilateral 
at the onset, but may affect both brca.sts, simultaneously or successively. 
It occurs more commonly than is generally recognized. Jung and Shaf- 
ton in appi’oximately 1,000 examinations found that it was an integral 
part of the process of puberty.’® It is not seen more often because of 
the frequently transient character of the process, Avhich may arise and 
regress within even a month. Histologic examination reveals length- 
ening and hypertrophy of the ducts, Avith an increase in periductal 
connecthm tissue. Lobule formation is usually absent. In a small per- 
centage of cases this lesion persi.sts and may then be coi'rectly called 
gynecomastia. 

Gynecomastia . — In the abnormality of gynecomastia, the contour and 
elements of the breast approach that of the normal Avoman. As stated 
previously, it may represent a persistence of the adolescent type or may 
arise spontaneously in the adult in the presence of associated diseases. 
It may be unilateral or bilateral. Histologically, in addition to the 
changes described, ' there may be hyperplasia of the duct epithelium, 
dilatation of the ducts, 'a'iid occasional secretion. The presence of acini 
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clcnf, osppcially since removal of llie tumoi’ is followed by lefjre.s.sion 
of Ihc breast lesion. 

4. Hypophyseal Adenoma.®'' These lesions may give rise, to atypical 
pituitary .secretion wbicli may afTeet the breast directly or indirectly 
as a rc.snlt of stimulation of the peripheral endocrine, organs. 

:''u Cirrhosis of the Liver. Brca.st changes as.soeiated with cirrho.sis arc 
sometimes cneountcred.'’'' The patients commonly .show a.ssociatcd tc.stic- 
ular atrophy. It is conceivable that the breast lesions may be caused by 
faulty metabolism of the hormones as a result of the cirrhosis, since 
the liver is intimately eoncei'iied with such a metabolism. An allei'iia' 
tive possibility is a lo.ss of testicular function. 

6. A Syndrome Characterized by Aspermatogenesis, Testicular Atro- 
phy, and Gynecomastia "Without Known Cause, as reported by Kline- 
felter and co-workers.®" The tc.stieular changes resembled those seen 
after orchitis or in.iury, and may possibly fall into the same category, 

7. Other Conditions. The mechanism involved in the production of 
ma.stitis in patients having thyrotoxicosis,®' leucemia, and other diseases 
is not clear. It seems, however, that in these diseases there is also a 
disturbance in the metabolism of the hormones. 

8. Hormonal Induction of j\ra.stitis and Gynecomastia. Mastitis of 
a transient character develops in eunuchs following the injection of 
testosterone."- "" Such treatment is followed by an increased excre- 
tion of estrogens in the urine and .suggests, therefore, a metabolism or 
conversion of the androgens to estrogenic substances.®"'®® This may 
be characteristic for the eunuch, since such changes after administra- 
tion to a normal individual are exceedingly rare. As would be ex- 
pected, the administration of estrogens to the male results in mammary 
hypertrophy.®®'®" The nipples and areola enlarge and in some cases 
there is marked epithelial proliferation and acinar foi-mation. Removal 
of the stimulus allows for relatiA-ely rapid regression of the process. 

Excretion Studies . — 

Adolescent Mastitis: A study of the excretion rates of the sex hor- 
mones in adolescent mastitis has revealed that in many instances the 
process is associated with atypical urinary excretion rates of estrogens 
and 17-ketosteroids, probably as a result of sexual metamorphosis.'" 
From the data, it appeared that the mastitis occurred in the presence 
of a hormonal imbalance in which the estrogens played the more im- 
portant part. The syndrome was more closely related to the ratio of 
the estrogens to the 17-ketosteroids than to individual rates. There 
was evidence of pituitary hyperactivity in some cases, but the data 
were not conclusive. 

Senescent Mastitis: Changes in sex hormone excretion similar to those 
of the adolescent type are usually found." The estrogens are within 
normal range, the 17-ketosteroids below normal, and the gonadotropic 
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titer almost always elevated. It shoiild be pointed out that these levels 
are similar to those observed in the older male, paJ'tieularlj" at the 
climacteric, so that their significance is open to question. 

Gynecomastia and Mastitis in Association .With Knoion Abnormal- 
ities: Gynecomastia without known cause is accompanied by excretion 
rates of the hoi-mones imich like those of the adolescent and senescent 
types. Frequently the values are normal, Imt it should be remembered 
that the studies in most cases Avei*e made after the process became 
static. When there are associated abnormalities, hormonal excretion 
is AASually atjT)ical. Certain testicular neoplasms, especially the em- 
bryonal carcinoma and the chorioepithelioma, give rise to marked ele-, 
A'ations of anterior pituitary-like hormone which, as far as can be 
determined, is similar to that excreted in pregnancy.” ^Moreover, 
significant elevations of estrogen excretion may be found in patients 
with associated gynecomastia and chorioepithelioma.^' ' Androgen ex- 
cretion is variable depending upon the extent of testicular destruction. 
In one case of interstitial cell tumor an increase of the' gonadotropin 
titer Avas found.®' Cases of feminization due to adrenal' cortical car- 
cinoma shoAV estrogen levels out of proportion to the androgen excre- 
tion rates.®' The hormonal excretion in patients with hypophyseal 
adenoma lias not been studied, but there is reason to suspect that atypi- 
cal excretion levels are present. Klinefelter and his associates®® found 
increased follicle-stimulating hormone (gonadotropic hormone), nor- 
mal to loAvered 17-ketosteroids, and normal estrogens in their- patients 
AA-ith aspermatogenesis. They are of the opinion that the breast le.sions 
are not due to hyperestrinism nor androgens alone, but rather to a 
combination of androgens and lack of inhibin (a hormone similar to 
estrogens secreted by the te.stieular tubules). Glass and associates®® 
studied the excretion of estrogens and androgens in males Avith mastitis 
and hepatic disease. They found Ioav androgen- A'alues and eleAmted 
levels of the free estrogens. The testicular atrophy associated Avith 
these cases may account for the Ioav androgen levels, and faulty metab- 
olism in the liA'er might explaiii the high A^alues of estrogens. 

Conclusion: Benign breast disease in the male seems to be associated 
Avith an endocrine imbalance, either as a result of sexual metamorphosis 
or of an associated abnormality or tumor. Since the changes normally 
produced by the various hormones are not identical, clarification may 
come Avhen a careful correlation is made betAveen the histologic ap- 
pearance of the breast and a knoAvn actiAmting agent. A common 
denominator may be foiuid in the mammogenie . hprpiones. As stated 
previously they may be activated either by estrogens or androgens. 
Hence, similar lesions could be produced by these different hormones. 
Most of the aA'ailable data point to the estrogens as an important 
factor. Changes induced in the breast by the administration of estro- 
gens are seen frequently, but except in the eunuch testosterone seldom 
produces obAUOUS breast abnormalities. Moreover, testosterone has been 
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used Avilh suce(’''S in llie Irejifnienf of Hie more tnmsieni ly]ies of 
mastitis. These, paradoxical findiny.s may jjossihly lie ex])lained by a 
difference in the metaholism of the hormones as a result of disease nr 
alteration of the endocrine status of the individual. 

CAIiCINOMA or THi; imUAST 

Numerous ohservations have been made sugficstinii a possible rela- 
tionship between the glands of internal secretion and eareinoma of the 
breast. These studies, both clinical and experimental, are of im])or- 
tanee since they have provided tools and leads by which one may 
search for a specific cause of the disease. 

Expcnmrntal Siuflics.''' — The work of Tyzzcr,”' Slye,'''’ and others 
established the import anee of heredity in the development of tumors 
in mice, but later Avork sugge.sted that other factors Avere also in- 
A’oh'cd."' Lathrop and Loeb, in lOlti, demonstrated that castration 
caused a marked reduction in the incidence of spontaneous mammary 
carcinoma in mice Avith a high .su.sceptibility to the disease. It Avas 
later shoAvn that the reduction in rate varied directly Avith the age of 
castration, that is, the earlier the OA'ariectomy, the loAver the incidence. 
Castration also delayed the appearance of tumo7's Avhen they did 
arise.'”’ lloAvever, Avhen female mice of a normally high-tumor strain 
Avere .spayed immediately after birth the incidence of breast tumoi's 
Avas higher than in mice castrated at maturity.®* It Avas suggested 
that the adrenal glands substituted for the ovaries, since mammary 
and uterine stimulation Avas noted and adrenal cortical hyperplasia 
dcAmloped later in life, jifurray®"’ ®® found that mammary cancer could 
also be produced in males of highlj’- susceptible strains by the trans- 
plantation of ovaries of their sisters, and also noted a loAver I'ate in 
Aurgin females. Bagg®^ observed that forced breeding increased the 
incidence of mammary tumors. Fekete found that the mammary 
glands of mice of high-tumor strains shOAved more proliferation dui-- 
ing pregnancy in contrast to those of a loAv-tumoi' strain during the 
same period. Moreover, regression of the glands in the high-tumor 
strain Avas incomplete after parturition.®^ These experiments sug- 
gested the importance of the ovary in the production of the lesions. 
Attempts to produce breast cancer in the animal by the use of estro- 
genic substance Avere not successful until the Avork o'f Lacassagne in 
1932.®® By the administration of the hormone, he was able to produce 
cancer in male mice Avhich never have the disease, although the inci- 
dence in the females of the same strain is high. It AAms not possible, 
hoAvever, to initiate cancer in males belonging to a very Ioav mammary 
tumor strain.®" Many others have since confirmed and extended the 
work.*'®’ They, have reaffirmed the influence of heredity as a neces- 
sary factor in. oncogenesis, regardless of the other agents involved. 
Recently, it Avas shoAvn by Bittner that another factor which was 
present in the milk of high-tumor strains Avas also essential.®®’ ®” 
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By suckling newborn females of a low-tumor strain on mothers 
of a highly susceptible strain, the incidence of tumors could be 
significantly increased. A reduction in rate was seen when the 
reverse procedure was carried out. Twombly"® utilized this tech- 
nique and was then able to produce breast cancer in the males of low- 
tumor strains by the administration of estrogens. Thus, it has been 
demonstrated that factors other than the e.strogens alone are necessary 
for the production of mammary cancel*. It has been maintained that 
the extent of response of breast tissue of nonsusceptible animals to 
estrogens is limited regai'dless of the duration of administration or the 
amount of hormone given. Factors which ordinarily control cell 
growth may act to prevent further progression of the cells to a malig- 
nant state. Defects in the governing mechanism may allow for neo- 
plastic changes, providing the cells are susceptible. The recent report 
of Geschiekter®® is at A’arianee with this point of view. He has re- 
ported a high incidence of mammary cancer induced by prolonged 
administration of estrogens in rats of a nonsusceptible Wistar strain. 
Metastases were also described. Noble and collaborators®’ using es- 
sentially the same technique in a different strain of rats noted tumors 
which were extremelj-- hyperplastic, but there was no evidence of in- 
vasion of the stroma or rupture of the basement membrane by the 
cells. The tumors were not considered malignant, even though they 
were similar to the lesions described by Geschickter, except for the 
metastases. If the findings of cancer production in species of a non- 
tumor genetic constitution can be confirmed, the role of the estrogens 
as etiologic factors may assume greater significance. 

Nathanson and Andervont®® and other's,®®’ "■* since, have demonstrated 
that testosterone administered under proper conditions will partially 
inhibit the appearance of mammary cancer in a highly susceptible 
strain. This presumably is brought aboirt by an antagonism to the 
estrogens or by the inhibition of pituitary activity. The hormone, 
however, has no effect on the tumor once it has developed. Other 
glands of intei'nal secretion may also be of significance. For example, 
Cramer and Horning®® have described a “brown degeneration” in the 
adrenal which appears to be commoner in the more susceptible 
strains of mice. Cancer of the breast has also been produced by trans- 
plantation of lobes of the anterior hypophysis, but it does not arise in 
the absence of the ovary.®® It is now agreed by most observers that 
at least three factors as suggested by Bittner are necessary for the 
geiresis of breast cancer in the mouse.*® These are (1) a hereditary 
influence, (2) the presence of the ovary or its secretions, and (3) the 
milk factor. All three must be present or cancer does not develop in 
the experimental animal except possibly in the exceptional case. More- 
over, it can be stated at present that the estrogens are not in them- 
selves carcinogenic, but merely provide the substrate upon which an 
exciting agent may act. 
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Clivical Aspects. — A .study of 2,1()5 e.ise.s of cancer of llic brca.st re- 
vealed llinl llie peak of afje iiicidenee wa.s readied in llie firoup he- 
Iween 4fi to 48 yeans of ape.”' The median ape Ava.s 52 yeans; that i.s. 
ns many cnse.s occur in patients before tin's ape as after it. About a 
third of the patients arc under 45 yeai-s, another third from 45 to 55, 
and the remainder thereafter. Taylor"'’’ has compared the time of on- 
set of the disease to the time of the menopause and states that about 
one-third of the eases oceur during the period of mature ovarian func- 
tion. another third appear vithin five years before or after the meno- 
pause. ivhile the remainder develop in women wliose ovarian function 
has ceased for five years or more. Those studies, therefore, arc in 
agreement. It must be pointed out, however, that this represents the 
age incidence seen in hospitals and is not a true cross section of the 
entire community. "When the incidence in the general population is 
considered, it has been .shown that .su.sceptibility to cancer of the 
breast ineVeases steadily with age.”' 

It is not known definitely whctlier women who develop cancer of the 
breast at any period of life have or have had a higher percentage of 
menstrual disturbances than those who do not. It has been observed, 
however, that the menstrual pattern changed .shortly before the dis- 
covery of the disease.''® The association of breast cancer with lesions 
in the pelvis is similar to that observed in other types of breast disease. 
Taylor noted a fairly close association with tumors of the female pelvic 
organs suggesting that the entire reproductive .system may be subject 
to the same abnormal stimulus.”® 

It is an accepted fact that nulliparous women haA^e a higher inci- 
dence of cancer of the breast than those Avho have borne children.””’ 
This is extremely interesting in A'ieAV of the fact that cancer of the 
cerAux is more common in the multiparous female than the A'irgin. 
This situation appears to be the reverse of that found in the experi- 
mental animal. The question of lactation is, also, of great interest. 
It is held by some obserA^ers that early Aveaning of the child or faulty 
lactation for various reasons conduces to the development of breast 
cancer.®”-''®^ This is based on the supposition that atypical lactation 
results in stasis and breakdoAvn products Avhich may cause chronic 
irritation, and thus may possibly lead to cancer. Experiments in mice 
relattye to this point have shoAvn that blockage of the mammaiy ducts 
Avith resulting milk stagnation Avas influential in determining the site 
and time at Avhich tumors appeared in a susceptible strain, but did not 
in itself cause an increased incidence.’”® Taylor, in a careful study of 
approximately 350 children of Avomen AAuth breast cancer, found that 
72 per cent were nursed for at least six months; of the remainder a 
very small number Avere deliberately AAmaned and the others Avere not 
nursed because of an inadequate milk supply.”” It Avoiild be inter- 
esting to knoAv if Avomen Avith cancer of the breast had normal lacta- 
tion after eA^ery pregnancy. Comparison of the data AAuth normal 
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women may reveal important inlormation. This iiroblem may now be 
more easily settled because of the present-day practice of ea:dy wean- 
ing and suppression of lactation. It is too early to evaluate sucli ma- 
terial. As pointed out by Taylor, further studies of lactation may be 
significant because there may be evidence of inflammation resulting 
from stasis of secretion, or there may be an indication of an abnor- 
mal physiologic state, which in itself may predispose to cancer of the 
brea.st.“ 

Data in relationship to the menopause are also suggestive. Oleh 
compares the onset of the menopause in normal patients and in those 
with breast caneer.^”^ From his studies, he found that approximately 
72 per cent of normal women pass through the menopause at the age 
of from 40 to 50 years, while 55 per cent of these with cancer are still 
menstruating at the age of 50. It was concluded that almost five times 
as many.wpmeir with cancer of the breast had a delayed menopause 
as compared to those with a normal climacteric. The average age .of' 
the woman in menopause is cited by most observers as 48 years. Since 
the median age in cancer of ^the breast is, 52 years, oiic may speculate' 
further on a possible endocriuologic relationship. 'Inasmuch as dis- 
turbed ovarian functioir is common at the climacteric, it may thus pre- 
pare a suitable substrate for the development of the 'disease. More- 
over, tumors which appear later may arise on atypical changes, 'Which 
originate much earlier. The process described as chronic cystic mastitis 
may fall into this category. Even though amenorrhea is one of the 
primary signs of the menopause, the ovary frequently continues to 
secrete estrogenic hormone in considerable amounts for a relatively 
long period of time thereafter.’®'* In castrate patients and in those 
many years past the menopause, when all histologic evidence of ovarian 
activity has disappeared, estrogens are still recovered in the urine. 
Another probable source of these hormones is the adrenal gland. It is 
possible, therefore, that stimulation of the breast continues, although 
it may be entirely different than that in the years when menses are 
still present. 

Development of Carcinoma on Benign Lesions . — The significance of a 
relationship between certain types of chronic cystic mastitis and car- 


cinoma of the breast is a subject of much controversy. Observations 
in this regard have been based on the coexistence of the two disea.ses 
the development of cancer in previously proved cystic disease, and the 
study of changes leading to cancer in the experimental animal and 
the human being. The important literature concerning this problem 
has recently been reviewed by Lewis and Geschickter,’°= Warren 
and Tmgic.’®’ Of the receirt Avriters, Lervis and Gesehickter are not 
' oed that most types of chronic cystic mastitis are precaneerous 
. and the further statistical confirmation of Logie stronoly sun’ 
contention of those who pcstulate a definite causal relation 
•enj’.e'two conditions. The discrepancies may be part"y' 
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cxpl.'iinoil l*y llio critorin sol ii)i for llio diiifinosis of olironio oyslio 
innslUis nnd tlio typo of innlovinl usoil i\\ tho shulios. !Moroovor, in 
some of llio investigations liistolopic oonnrjnntion of the olinicnl diag- 
nosis Avns not oavriod mil in all eases. 'J’he methods ol analysis are 
also dissimilar. Warrmi’s studies ha.sed on histologie examination 
demon.strale that when age specific rates ave used, the breast eaneev 
'attack rate for women witli chronic cystic mastitis in the premeno- 
jiansal age gronp (fl'oin 90 to -19 years) is 1 1.7 linu‘s as great as that 
of the general female population in the .same period. Past the age of 
oO it is 2..') times as great and for the entive group 4. .a times as great." 
f'orrcclions were made for chronic cystic mastitis in the normal poi)U- 
lation. These findings are .significanf , .since the group with the highest 
incidence was that in which the ovaries were still active. Therefore, 
if chroiiic cystic mastitis is of endocrine origin, tiien it, must iic postu- 
lated that hormones are responsible at least in an indirect fashion for 
the doA’clopment of cancer of the breast. 

Jlarmonal Alicraiion of Tumors . — -T',--. 

C(t.sir(i{ion: ITcrrcll'”® reviewed the recoi’ds of 1,906 patients Avith 
cancer ofdhc breast and those of 1,031 Avithout the disease in a similar 
age group, llis findings disclosed that in the cancer group the inci- 
dence of complete oophorectomy or castration, before cancer Avas diag- 
nosed, Avas 1.5 per cent. The incidence in the noncancer group Avas 
15.4t per cent, or ten times as great. lie also suggested that the time 
of castration Avas as important as in mice. Sohinzinger‘°® suggested 
oophorectomy as part of the treatment of» breast, cancer. BeatsoiP'® 
-independently reported several-patients Avho Avere castrated and noted 
alleviation of symptoms, and signs. <-Many have since resorted to thi.s 
procedure and in later years have -substituted, x-ray for surgical ex- 
tirpation of the ovaries.^'' Benefits obtained Avere more striking in 
■ the -premenopausal vgroup, although even in i this group the changes 
Avere usually tempoi’ax’y and 'exqCpt- in-one recorded instance did not 
shoAv obAuous regression 'of the primary tumor.”^ The greatest changes 
.were noted .in the bone metastases, Avh-ich by x-ray evidence in a fair 
numbers of cases -regressed or. disappeared completely for ,a time. It 
has been concluded by those with 'an -extensive experience that castra- 
tion may be expected' to slvoAv temporary improvement in about one- 
thir.d of the patients Avith recurrent or inoperable cancer, but it cannot 
be demonstrated as advantageous when employed as a prophylactic 
procedure in those submitted' : to -radical operation.’^® Farrow and 
Adair^^^ have recently, reported-a -similar experience concerning partifil 
regression of the- prhnary' tumor andiosseous metastasesjn a male Avith 
cancer -of- the breast. l.Thei'e' can be -no, doubt that, the changes resulted 
from • rein'Qr\fal of- gonadal .Secretions, AVhethev -this is the sole factor 
or Avhethei’--t-hfe 5 changes occur 'secondarily i to -an effect, on the othei' 
glands ' of ' internal secretion '.follo.Aving casti-ation is 'a moot .question'. 
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The metabolic changes produced by the procedure must also be con- 
sidered. Regarding x-ray castration, a' study in this laboratory has 
revealed some discrepancy in its efficacy, when compared to the surgi- 
cal operation.^®' It was found by assays of the urinary estrogen ex- 
cretion that castration by x-ray, in order to simulate that by operation, 
depended upon such factors as adequate dosage, size of the portal, and 
age of the patient. Some patients, although amenorriieic, had a marked 
fluctuation of estrogens in the urine and in several instances resumed 
menstruation. Obviously, in this group castration was incomplete, so 
that results in such cases are equivocal. 

Menstrual Cycle: As far as can be determined, there is no effect of 
the menstrual cycle on the primary tumor. There may be slight gi-oss 
alterations in size of the tumor, but for the most part this is probably 
due to vascular change and edema rather than to alteration in epi- 
thelial activity. 

Pregnancy and Lactation: The rapidity of growth of the primai’y 
tumor'^’® and the appearance of a tumor in the second breast during 
pregnancy are well recognized."® Changes during lactation are usu- 
ally even more striking."’ Whether these effects are due to the hor- 
mones elaborated in pregnancy and lactation on the tumor, or to effects 
on the breast itself is not settled. Taylor and Sleltzer,"’’ as well as 
others,"® contend that the structure of the breast late in pregnancy 
and during lactation favors development and growth of cancer, par- 
ticularly with regard to the inflammatory type. This may be due to 
the increased vascularity which may favor tumor growth, to the rich- 
ness of the lymphatics which favors dissemination, or to the relative 
absence of fibrous tissue which removes a natural barrier. These 
changes may all be produced by hormonal stimulation, but other prod- 
ucts of pregnancy may also be responsible. 

Effect of Estrogens on the Beveloyment of Cancer of the Breast . — 
Three reports have appeared on the possible development of cancer 
in the breast after prolonged administration of estrogens."”'"* There 
is no proof that this was the direct cause of the tumor, but there is 
certainly a possibility that it was contributory. With the large num- 
bers of females who are now receiving estrogens over long periods for 
various endocrine disturbances, particularly the menopause, one would 
expect the development of more cases if the hormone were directly 
responsible. However, when the life span, the time, and the dosage 
required to produce the lesion in a susceptible mouse are translated 
into human equivalents, it is possible that more eases will appear. In 
the case of Auchineloss and Haagensen*”” the effect of the estrogens 
seemed to resemble that seen in the mouse, and was of an unusual 
histologic type. They have cautioned against indiscriminate use of the 
hormone over a long period of time or in large doses, when there is a 
family history of cancer, without initial and repeated examination of 
both breasts, and in patients with chronic mastitis, cancer, or any form 
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of ncoplnsm pit her lipfore or after suri-Mcal or radiation trcatineiil. 
Snell advieo is valuable and should be eonsidered by all those who use 
the hormones. 

Effect of Hormones on Cancer of the Jirrast . — Attempts have been 
made to intlucnce the eour.se of cancer of the breast by the adminis- 
tration of hormones. We have been unable to demonstrate a direct 
effect with regard to either aupnentation or inhibition of the primary 
tumor in mouse or man by the administration of estrogens or andro- 
gens. Farrow and Woodward'"* have noted that in the in-einenopausal 
group slvcletal nvetastases arc apt to occur early, whereas, in the post- 
menopausal group development of shelctal metastases is relatively late. 
They have also reported a marked acceleration of osseous metastases 
after intensive androgen or estrogen therapy and have .suggested that 
there maj” be a direct effect on the .secondary deposits ihemseh'os. An 
alternative theory is that thc.se changes are due to an indii-oct effect 
which by removal of certain mechanical banners possibly as a result 
of altered metabolism permits the metastases to grow unhampered. 
They, too, have considered this possibility. This is suggested by their 
observations of a marked decalcification of bone and a rise in concen- 
tration of calcium in the scrum and excretion in the urine. 

Excretion Studies: To date there have been relatively few .studies 
on the excretion rates of the various sex hormones in patients with 
cancer of the breast. The results obtained thus far may be listed as 
folloAVS ; 

Gonadotropic Hormone. — There is no consistent alteration in the ex- 
cretion of pituitary gonadotropic hormone in patients with cancer of 
the breast. Zondek'*® has reported an increased excretion of the 
gonadotropic hormone of placental origin in a pregnant woman with 
mammary cancer. He was of the opinion that it was due to the cancer 
as the values fell precipitously after radical operation in the eighth 
month of pregnancy. This finding in a single case seems to be equivocal. 

Estrogens. — Ross and Dorfman'*' made several determinations on 
each of four patients in the premenopause with breast cancer and could 
detect no significant variation from normal. These findings have been 
corroborated by the study of a larger series by Taylor and Twombly'*' 
and by Nathanson.'*® The latter reported slightly lower values than 
normally found in some cases, whereas, others had noimal or slightly 
elevated daily levels. In general, there was no deviation from normal, 
and although the average for the entire group was slightly below that 
of normal women of the same age, it was not considered significant. 
The excretion cycle of some of the patients appeared atypical in that 
the peak of estrogen excretion usually observed at the midmenstruum 
was either absent or delayed. The significance of such a configuration 
is equivocal. Tn cancer of the male breast, Yolton and Rea'*' have 
reported values comparable to that of normal males of the same age. 
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Androgens and 17-Ketosteroids. — Normal androgen values were 
found by Ross and Dorfman’^-^ in tbeir series. The excretion of 17- 
ketosteroids in the patients studied by Taylor and Twombly^"“ and by 
Nathanson^-® were usually within normal range, but in general averages 
for the groups were slightly lower than those usually found for similar 
normal individuals. Pearlman^*® has reported a lowered 17-ketosteroid 
excretion in most patients with any t 5 T)e of cancer ; these findings are in 
accord with those of others.^^® In the cancer of the male breast the 
17-ketosteroid excretion has also been reported as normal.’®' 

Taylor and Twombly’®® studied the effect of various steroid hor- 
mones on the excretion rates of the sex hormones in individuals with 
and without cancer of the breast. They concluded that there was no 
striking difference although variations did appear in the cancer j^atient. 

I Studies on patients in the menopause with cancer of the breast show 
essentially the same excretion rates as women in the same period with- 
out the disease. Several conclusions may be drawn from these excre- 
tion studies. (1) Although variations do occur, there is no significant 
deviation from normal in the excretion rates of the sex hormones in 
women with breast cancer. (2) There is no proof that abnormal secre- 
tions of the hormones do not accompany or precede the development 
of the cancer, since excretion levels are not absolute indicators of 
secretory activity. (3) Carcinoma of the breast may be independent 
of hormonal influence once it develops. (4) The findings do not prove 
that 'the sex hormones are not involved in the disease, but they do 
indicate that normal excretion values may be found in the presence 
of the cancer during the period of active ovarian function. 

Prom the foregoing data, it can be concluded that there is no proof 
that the hormones are the direct cause of carcinoma of the breast. 
It is possible and likely in some cases that they are indirectly respon- 
sible, inasmuch as they may produce preeancerous changes or may 
provide a suitable substrate so thatrahother agent may act. 

discussion 

The available clinical and experimental information emphasizes the 
necessity for the endocrine system in the development and growth of 
, the mammary gland. The ovary and hypophysis are especially impor- 
tant for without one or the other breast development will not occur, 
or vuU cease entirely. Furthermore, removal of these organs leads to 
regressive changes in the fully developed breast. Thus, .it hasibeen 
contended that disease of the breast may be definitely related to or, 
caused by alterations of function or, secretion of certain of the glands- 
of internal seerytjon. Pactiial data, for, such a thesis, ;have been re- 
vie%yed under ea 9 h^ eptity. However, a general discussion of the pos- 
sibilities involved see;tns necessary since certain factors may be com- 
mon to all types of breast disease. 
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Status of the Indivklnol . — Factors other than cnclocrinc must be con- 
sidered in the development of breast disease. Chief amonp: tliese are 
heredity, race, color, and eonstitntional type. They are frequently 
interrelated but each may be of .special significance. "While the evi- 
dence to support thc.se possibilities is far from conclusive, one may 
justifiably speculate on them. The physiologic status of the ijidividual, 
endocrine metabolism and secretion, and .susceptibility to the disease 
may depend to a considerable degree on these fundamental back- 
grounds. These basic states in .some mea.surc may thus determine the 
type and degree of response of the organism to normal or .superim- 
posed stimuli. This Avould help to explain the variety of changes in 
the breast, Avhich have been attributed to the same agent, such as 
estrogens. 

The stage of life and state of the breast when abnormalities appear 
may, also, determine the type and degree of rc.sponse to a given stim- 
ulus. It has been shown that the diseases which arise during various 
age periods vary considerably in their histologic structure and clinical 
manifestations. Jloreovcr, the degree of development and structure 
of the breast may differ regardless of age as a result of changes in the 
physiologic status of the individual. Dieckmann-'* has shown that 
the extent of development of the breast particularly at puberty is 
subject to wide variation among different individuiils. Previous preg- 
nancies and normal and abnormal lactation account foj breast changes 
not encountered in the virgin female. Other conditions, such as in- 
flammatory disease may likewise alter the condition of the breast. 
Thus, the breast may exhibit Avide A'arieties of histologic structure 
under different conditions. Hence, these dissimilar S”b:trates may 
vary considerably in their response to a single stimulus and may de- 
termine to some degree the abnormal changes Avhich may appear 
subsequently. 

Character of the Stimnli . — Foremost among the probable stimiili which 
may be responsible for breast disea.se are those of the endocrine and 
nervous systems. The hormones Avhich have been the subject of the 
most intensive study are the estrogens. Nevertheless, the j)Ossibil- 
ities suggested by iiwestigations may apply to other hormones as Avell. 
How may estrogens produce these atypical states? Several possible 
modes of action seem tenable. (1) Physiologic amounts of the hor- 
mone may act upon tissue Avhich is more sensitive than normal. This 
susceptibility may be related to the metabolic status of the host, to 
special characteristics of the cells, or to a change in the breast as a 
result of the activity of other agents. (2) It has been demonstrated 
that estrogens are destroyed by the liver. Normal quantities of the 
hormone may be secreted, but, because of defective function of the 
liver, abnormal quantities may be released to the tissues. (3) Exces- 
sive quantities of the hormone may be responsible, but, except in 
cancer-susceptible animals, the effects are limited. (4) Atypical hor- 
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mones may be produced, which may have carcinogenic activity. This 
is possible since the steroid hormones are closely allied to several of 
the known synthetic carcinogens. It is conceivable that the fonnation 
of carcinogenic agents from hormones may occur as a result of a 
faulty metabolism due to a change in the physiologic state of the host. 
(5) Lack of a hormone, which noi’mally stimulates the breast, may 
lead to degenerative or regressive changes, which might then allow 
other agents to act. 

As has been pointed out, the nervous system may also be involved. 
The action may be direct, but it is more likely that such stimuli may 
exert their effect by causing excesses oi’ alterations of hormonal secre- 
tion. Then, too, the close interrelation of the various endocrine organs 
suggests that disturbance of one organ could .affect the function of the 
others. Because of the possible methods of action or alterations of 
hormonal secretion, there is .still lack of conclusive evidence to justify 
the acceptance of any one factor. 

Endocrine Dysfunction . — ^In almost all types of breast disease from 
the simple infantile hjiiertrophy to the complex breast cancer, there 
is a suggestion of some dysfunction of the endocrine system in many 
of the cases. Thus far, the evidence has been confined almost entirely 
to clinical observations. To recapitulate, the relatively high incidence 
of atypical menstrual cycles, of disease of the female pelvic organs, of 
abnormalities of lactation, the fertility of the patients and the number 
of pregnancies, the time of life at which the various processes appear, 
and the accentuation or regression of several types of lesions after the 
appearance or removal of obvious stimuli is sufficient to point to the 
endocrine organs as possible etiologic factors. In the experimental 
animal, also, there are apparent differences in the endocrine constitu- 
tion of the low and high mammary tumor strains. Some have reported 
differences in the estrous cycles, the fertility, changes in the breast 
following pregnancy, the histologic appearance of the glands of in- 
ternal secretion (particularly the ovary .and the adrenal), the response 
to known stimuli, and the time of life under identical conditions at 
which the tumors appear. The effect of one endocrine organ upon 
another must also be given serious consideration. Such analogies be- 
tween men and animals are dangerous in drawing conclusions. Never- 
theless, it can be stated at present that in either case there is no evi- 
dence to support the thesis that the hormones in themselves are di- 
rectly responsible for the production of neoplastic disease. It is pos- 
sible, however, that they may be the exciting factors in the production of 
precancerous lesions and in this fa.shion may contribute to the develop- 
ment of the malignant process. 

Significance of Hormone Excretion . — Urinary excretion levels of the 
sex hormones represent only the end products of metabolism. It has 
not yet been proved, whether or not they give a true index of the 
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blooil levels, the rale of soeretion or deslruetion, or ihc iililizalion of 
the hormones hy the tissues. Furthermore, they do not reveal the 
exact nature or relation.ship of the various components of the hormones 
excreted, Keeent data from isolation studies supfrest that patients 
with cancer may excrete e.stropcens’'’" and IT-kelosteroids.'""' in a dif- 
ferent fashion from individuals without cancer. The usual rel.'i- 
tionship of the individual components of both the estro<rens and 17- 
ketosteroids may he atypical, as well as the normal ratio between the 
total ostropenie and .17-kctosleroid complexes. 

It is clear that alterations in excretion levels or the specific. tyj)e of 
hormone isolated arc not nece.ssarily characteristic foi’ jiaticjits with 
cancer. They may merely represent deviations from normal, which 
may occur only as a rc.sull of di.sturhed metabolism in the sick indi- 
vidual. They indicate, however, a distinct abnormality and as such 
are sipnificant in the study of the di.sease. 

SimilarHy of Lesions of ihc Breasi . — As was ])rcviously supgested, 
the state of the breast at the time that an abnormal stimulation may 
be superimposed is probably of some importance. Infantile and virgi- 
nal hjT)crtrophy, early ripening, gynecomastia and mastitis in the 
male, and possibly adenofibrosis are remarkably simiiar in histologic 
appearance and in their resemblance to changes usually seen in the 
normal adolescent female. It is conceivable, thei-efore. that they may 
be due to the same ctiologic agent, possibly the hormones. Lewis and 
Geschiekter^^* have emphasized this similarity Avith respect to virginal 
hypertrophy, gynecomastia, and fibroadenoma, and there is fairly good 
evidence to support it. The different forms of cystic disease also 
basically resemble each other, in spite of considerable variation in the 
indmdual ease. Each type may represent a further stage of a similar 
process. The more advanced forms such as Schimmelbusch ’s disease 
may conduce to, precede, or accompany carcinoma of the breast. 

CONCLUSIONS 

1. The endocrine organs and their secretions are necessary for nor- 
mal groAvth, development, and maintenance of the mammary gland. 
As such, they are indirectly responsible for breast disease, inasmuch as 
they provide the tissue in which the le.sions arise. 

2. Factors such as heredity, constitution, race, color, and physiologic 
state of the indiAudual must also be considered as etiologie factors in 
breast disease. 

3. The state of the breast at the time of onset of disease seems to be 
an important factor in the type of lesion seen. A single stimulus may 
thus produce a vai'iety of differently appearing lesions. 

4. Localized tissue susceptibility may account for an unusual re- 
sponse to what may appear to be a normal stimulus. 
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5. Endocrine dysfunction is frequently associated with and may be 
responsible for certain benign lesions, but there is no absolute proof 
that it is the only or direct etiologic factor. 

6. Hormones may possibly be the direct cause of malignant change 
in the breast either from an excess stimulation, or as a result of an 
atypical metabolism. As yet, there is no concrete evidence to prove 
this. It is more likely that they merely prepare a substrate upon which 
another agent may act. 
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THE EFFECT OF SEX HOKMOXES OX SKELETAL 

:metastases fho:m hkeast caxcer 


.Toski’ii JL 1'\\i!ijo\v. M.D., Xr,w Yokk, N. Y. 

(From thr JIrcnxt I)i imr(mtn1. Memorial Hospital) 


I X THE inodioal literature there arc reports of almost every type of 
human oaueer metastasizing to the skeletal system. It i.s well known, 
however, that eaneers originating in certain organs rarely metastasize 
to hone while others seem to have a .selective ])roelivity for the osseous 
parts. This peculiar variation docs not .seem to he determined by the 
simple laws of chance or the proximity of the primary growth to the 
bony structures; it suggests contributing factors of local and .systemic 
origin. From an endocrinological viewpoint it appears e.spccially sig- 
nificant that the two primary cancers mo.st frequent to metastasize to 
hone arise in the breast and prostate, organs whose development and 
functions arc closely allied with the metabolism of sex hormones. Hence, 
among the many jueasurcs tried to control primary and metastatic can- 
cer of the breast and prostate is the artificial production of a hormone 
imbalance. 

An investigation of the effect of ovarian estrogens and testicular 
androgens on mammary cancer and its metastases to hone presents a 
most complex problem, one sub.iect to many controversial opinions as 
well as conflicting clinical data. It is therefore necessary to preface 
this presentation with certain fundamentals in order to facilitate a 
systematic review and an intelligent interpretation of the variable 
results. 

First, the ovaries and the testes are a part of the endocrine system. 
The organs of this system and their individual products show a remark- 
able degree of normal variation as well as multiplicitj" of effect, and 
yet by an integral relationship with each other maintain a hormonal 
balance to which the system tends to revert. Hence, any natural or 
artificial disturbance of this balance, caused by either the menopause 
or castration, will be followed by compensatory changes in other en- 
docrine organs and a partial replacement by hormones or compounds 
having a biologic effect similar to that of those which have become 
deficient. Thus, Woolley, Fekete, and Little^ report a nodular h3T)er- 
plasia of the adrenal cortex and subsequent proliferation of the mam- 
mary epithelium following castration of both male and female mice. 
Furthermore, in an extensive reAuew of experimental work. Riddle^ 
notes that hormones capable of producing groAvth of the breast tissues 
have been found not only in the ovavy but in the pituitary, adrenal, 
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Treatment.— The patient was treated solely hy ovarian irradiation. Tliis was 
begun Aug. 14, 1940, and completed eight days later. Using 200 kilovolts, cm. 
copper filter, 70 cm. skin target distance, 500 roentgens were given daily to one 
of four peMc fields for a total of 1,000 r to each area. 

Clinical Obicrvation.^.— During the month following pelvic irradiation she had a 
scant menstrual flow on three occasions. Then she began having fairlj' severe 
menopausal symptoms and had no further menstrual bleeding. There was a grad- 
ual decrease in the hyperemia of the cutaneous nodules. This was later followed 
by their shrinkage and at the end of ten months the nodules were barely palpable. 



Pis 1 (Case 1). — .4. Photograph taken shortly after menstruation ceased because 
of pelMc irradiation; B, IG months later. Note disappeaiance of cutaneous nodules 
and maiked decrease of l^mphoedema of skin of breast. 


One j'ear following castration axillary nodes could not be definitely felt and the 
mass in the breast was estimated to be about one-thiid of its original size. She 
had gained considerable weight and had no symptoms suggestive of distant metas- 
tastes. The last clinical examination nineteen months after castration revealed evi- 
dence of renened disease activity by the appearance of two nen skin nodules. 

The pertinent points were a visible loss of vascnlarity of the lesions 
and their gradual shrinkage until no longer palpable. >Skin nodules 
for hi.stologie studies were removed 26, 71, and 234 days following 
castration. All of them showed apparently unaltered cancer cells, al- 
though the lesions tvere decreasing in size. From this evidence it is 
believed that the regression tvas due mainly to vasoconstriction caus- 
ing a nutritional anemia and abortive fibrosis. Although no similar 
studies have been made on skeletal metastases following castration I 
have made certain observations which lend some support to this view. 
First, osteoplastic lesions from breast cancer rarely appear in the pre- 
menopausal group unless the patient has been sterilized. Second, it 
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There is a Nvoalth of excellent experimental data in th<. iiteratstre 
on the appearance of breast eaneer in both male an»l fesnale animab- 
after the administration of estropenie ssibslsine(>s, I-’orlnn.'iiely. ihr 
number of reported eases of human eaneer which fsillow or at least 
appear in time after the in.ieeli(4n of female sex hormones is limited. 
The reports of Auclnnelo.ss and llaapensen,'’ Allabeii and ()wen,’=’ and 
Parsons and !McCall'^ are eantious in their eonelusions but eerfainlv 
warrant, the timely editorial of the Jouninl of Hu dmrnVan Mnlifal 
Associalion'* warning against the indiserinunalt- use of ('Strogenle suli. 
stances for mammary disease. 


There are surprisingly little experimental data on the effect of e.str 
genic substances on an established cancer in animals. Ifnddow,’® nff 
a limited number of observations in mice, reports iio iiiliibifio;, «f 
growth. 

For clinical data one can always bring forth the nnicli diseiis-.i 
controversial question of the effect of pregnancy on breast ^ 
reports are confusing, mainly because the material is 
one has observed a sufficient number of untreated breast c ! 
eiated with pregnancy to warrant conclusions. There is 
evidence that pregnancy inhibits the growth of cancer 
studies at the Memorial Hospital, did not believe that, * **^'^^*'*'^ 
terially influenced the course of breast cancer. 
and Emge,^® from much less clinical data, believed that, ' 
nitely accelerated the growth of breast cancer their , 

report of Egoville-'’ is of particular interest. iPs T},,. 

years, had as her first symptom pain in the back beginnhjr^'^’ ■'lO 
month of pregnaiicj\ Clinical and radiographic exammr^’^ 
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strated a cancer of the breast with widespread bone incfav 
of the blood showed a serum calcium level of I8.7 
The patient failed rapidly and died. 

I have observed the effect of estrone on skeletal 
breast eaneer in only three instances. Unfortunafp;'.,.'' fre 

present analysis, these patients had previously ' 

testosterone propionate. Therefore, the clinical, •, ‘''"'X'e 
is greatly reduced and requires further subsfajjf; 
estrone administered parenterally were relativeJi>',„ ^he d‘ 
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given 2 and 4 mg. while the remaining two had only single doses of 
2 mg. 

The case here mentioned will illnstrate the elevation of the serum cal- 
cium following injections of estrone as well as testosterone propionate. 

Case 2. — Oct. 21, 1939, Miss L. L., aged 26 year.s, was admitted to Memorial 
Hospital. She complained chiefly of a severe and persistent pain in the thoracic 
spine of two and one-half months’ duration. For one year she had been aware 
of a small growth in the right breast. There had been a weight loss of seventeen 
pounds but no other associated systemic disturbances. Menses were regular with 
the flow lasting about six days. An examination of the right breast revealed a 
i by SVo by 2% cm. tumor. It was located in the upper central portion of the 
breast. In the adjacent midaxilla there was a metastatic node 1 cm. in diameter. 
Foentgenographic studies demonstrated osteolytic lesions in the ribs, spine, cra- 
nium, and pelvic bones. Aspiration biopsy of the breast tumor was reported 
cancer. 



Treatment . — The patient was admitted to the Memorial Hospital and 25 mg. of 
testosterone propionate in 1 c.c. of sesame oil were injected into the gluteal mus- 
cle. During the following six consecutive days the dose was increased to 75 mg. 
daily, making a total of -175 rog. in seven days. Six weeks later she was given 
2 mg. of estrone in oil intramuscularly and after an interval of live days an addi- 
tional 4 mg. Xine days later a second series of testosterone injections was started 
50 mg. daily being given for a total of seven doses. 

Clinical OVse nation .^. — After each series of injections the patient suffered from 
nausea and vomiting which subsided a few days after discontinuing the admin- 
istration of the hormones. In general the clinical course of this patient was one 
of progressively failing health owing to widespread and uncontrolled metastatic 
disease. She died Jan. 17, 1940. 
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(.'oiu'oniinfr tlip ofl'cots ol' oslrom' as well as toslostoroiio il is assiiiiiod 
with probability that tho resulting hyperoalcoinia was duo niaitily to 
an inorcasod activity of llio niolastatif tuuior iji Iho skololal systoni. 
This in turn oausod an aoooloration in tin* rate of bone dost ruction ao- 
ooinpaniod by a flooding of the oiroulatiou by tho products of osteolysis. 

Not infroriuontly one is faced with the jirobloin of p:ivin<r ostrofious 
to postmastectouiy pnlionts wlio arc .sulTorinfj: from monn])au.sal di.s- 
furbancos. ^Vhilo there is no clinie,al evidence to eoulraindieate estro- 
genic therapy in tho absence of disease, it is hifihly important to con- 
sider tho possibility of aetivatinfj a quiescent and unrecognized focus 
of metastatic cancer. In general it would be much safer to forbid 
pregnancy or the use of estrogens in all cases of mammary cancer for 
at least five years and jireferably longer. 

ADDITION or ANDUOGKNS 

It has been only within the past five years that the production of 
the primary male sex hormone, testosterone propionate, has been suffi- 
cient to permit experimental and clinical use. During this time there 
have been reports stressing the inhibitory action of this substance on 
the growth and function of the mammary gland. 

The effect of testosterone on breast cancer has received only limited 
attention. Nathanson and Andervont"' found that when testosterone 
was given to mice of the C3H stivains at an early age it prevented the 
development of spontaneous tumons. They added, howcA^er, that no 
effect could be observed on the groAvth of a tumor already present. 
More recently, Loeser'^- has reported that the implantation of testos- 
terone pellets in mice of the Strong A strain reduced the mortality 
from spontaneous cancer from 75 per cent in the controls to 40 per cent 
• in the treated animals. 

Loeser^^ also reports on the use of testosterone in five human beings 
with cancer. Three of these were said to be free of disease at the time 
the pellets were implanted and remained well for almost four years. 
In two cases where disease was present no regression of the cancer Avas 
observed although systemic improvement and relief of pain Avere noted. 

Beginning in 1939, a series of thirty-three patients having bone metas- 
tases from breast cancer Avas given doses of testosterone propionate 
varying from 5 to 25 mg. in sesame oil for totals of six to tAvelve doses. 
All of these patients are noAv dead. Temporary relief from pain Avith 
some general improvement was noted in about one-half of the cases. 
No case shoAved clinical or radiographic evidence of disease control. 
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Later three females and one male were given large doses of testos- 
terone propionate. A complete report® has been published on the three 
female patients. One of these cases has already been cited elsewhere in 
this article. The remaining two women were aged 37 and 60 years, 
respectively, and had developed bone metastases after radical mastec- 
tomies. The younger of these two patients was given 400 mg. of male 
sex hormone at the rate of 25 mg. twice daily. By the fifth days after 
the injections the serum calcium had risen from an initial level of 11.6 
mg. to 15.4 mg. The other patient received two 25 mg. ampules of 
testosterone daily for ten days. Her serum calcium increased from 
10.2 to 14.2 mg. Both patients also received 2 mg. of estrone several 
weeks after the injections of the male sex hormone. This too was fol- 
lowed by a similar but less marked h 3 T)ercalcemia. The clinical course 
of the two wotnen was relatively the same. Both failed rapidly and 
died. X-ray studies of the bones revealed further extension of previ- 
ous metastases and the appearance of numerous new ones. 

The fourth case, that of a male, is briefly summai'ized belpw. 

Ga.se 3. — In May, 1939, Mr. J. S., aged 63 years, applied to the Memorial Hos- 
pital for treatment of a progressive swelling of the left breast of ten months’ 
duration and persistent pains in the right thigh for the previous three months. 
An examination of the left breast demonstrated an ulcerating eancer, centrally 
located and measuring 4.5 cm. in diameter. A hard metastatic node having a 
diameter of 3.5 cm. was present in the adjacent axilla. X-rays of the pelvis 
showed osteolytic metastases in the upper right femur. Biopsy of the breast 
lesion was reported, ‘ ' Adenocarcinoma — tubular duct. Grade II. ’ ’ 

Treatment consisted of high voltage x-ray therapy to the breast, axilla, and 
right femur. Later a palliative simple mastectomy was performed. Pains in the 
hip were immediately relieved but recurred within seven months. He was re- 
admitted to the hospital and given daily injections of 50 mg. of testosterone 
propionate for seventeen consecutive days except for two days when 100 and 75 
mg. were given. A total of 925 mg. was administered during the seventeen days. 

Clinical Oiservations . — The pains were not relieved. He complained of nausea 
on several occasions but suffered no vomiting. Following discharge from the 
hospital pain became more severe and on the thirty-fourth day after hormone 
therapy x-ray studies of the sheletal system indicated widespread metastases. 
Previously seen foci had shown marked extension and numerous new areas were 
present. Subsequently x-r.ay therapy was given with only slight relief. Prior to 
death ten months later he suffered numerous pathologic fractures. 

The main points to be emphasized are a rapid extension of pre- 
existing skeletal metastases and the appearance of numerous new ones. 
Although there were no marked blood chemical changes, hormone 
studies of the urine during the time of treatment showed an increase 
in the output of estrogens (34.0 to 50.0 :M.U.) and of androgens (44.5 
to 56.7 mg.). 

Prom this evidence it is apparent that the administration of large 
doses of synthetic androgens not only failed to inhibit the growth of 
metastatic mammary eancer but seemed to increase its activity in the 
skeletal system in both sexes. 
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WlTHUUAWAli or Tr-STlCULAlt AN'jntO(ii:NS 

llnle I)ro!isl cniicor is relatively mieominoii, comprising about 1 per 
cent of all mammary cancers. I’rom collected reviews, however, 
it is npiiarent that there ai'c no reeogniml histologic differences and 
the clinical course is relatively the same in both sexes. 

Ifainly because of the sequence of events described in Case 3 another 
male with breast cancer with shelctal metastases was treated by cas- 
tration. Since it is to bo rejiorted elsewhere only a brief summary 
follows. 

O.VSK }. — AI.P.. nai'cl 7i’ yciirK, nitpliod to llio AIoinoHal Hn.spiliil on Ai)ri] 2S, 
19}!. ]’o\ir montli*' proviou'-ly In* had noticed an nlceration of llie left nipple. 
Thi.s had not only refii'-ed to heal but had become larger. An c.vaminaf ion re- 
vealed an iilceratiiif; cancer which had dc'-lroyed the ni])])le. It ineaMired ti by 
4 by 214 cm. and was movable. Kcvoral nodes were palpable in the left axilla, 



I’iS. 3 (Case 4). — Roentgenogram demonstrating osteolytic metastases in the right 
ilium and pubic bones as well as the fourth lumbar vertebra. 

the largest of which measured 1 cm. in diameter. The chest plate was negative. 
A radical mastectomy was advised but refused by the patient, who did not return 
to the hospital until nine months later. During the interval there had been a 
definite increase in the size of the local lesion. Foi several w-eeks he had suffeied 
persistent pains in the right chest and the back. X-iays showed numerous metas- 
tases in the ribs, spine, pelvis, scapula, and skull. Theie was also fluid in the left 
pleural cavity interpreted as indicative of probable pulmonary metastases. A 
biopsy of the breast lesion was reported, “Infiltrating mammary carcinoma, 
Grade II.’’ 

Treatment . — The patient was admitted to the hospital and a bilateral orchidectomy 
performed Feb. 9, 1942. 
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Clinical Observations . — Belief of pain was almost immediate. Subsequent clin- 
ical and radiograpliic examinations have revealed a regression of the breast tumor 
with partial healing of the ulceration and also an increased density of the pre- 
existing sbeletal lesions. The latter was most marked in the libs, ilium, scapula, 
and lumbar lertebrae. The fluid in the left pleural cavity had disappeared. 



Fig:. 4 (Case 4). — Roentgenogram taken 
creased density of metastatic foci in « 



four months following castration. Note in- 
le right Ilium and fourth lumbar vertebra. 


Blood chemical studies on this patient revealed no significant changes 
except an elevation of the acid phosphatase from 0.15 to 1.0 units. 
Hormone analysis of the urine indicated a decrease in the estrogen 
excretion from 22.5 to less than 4 j\I.U. while the output of 17 ketos- 
teroids remained fairly stable. 

"Wliile the interval of fotir months does not permit any definite con- 
clusions, the evidence at hand indicates a regression of both the local 
lesion and the osseous metastases. It is highly probalile that this is 
temporary. 

CONCLUSIONS 

At present any attempt to describe the possible effect of natural or 
synthetic endocrine products on the growth of primary or metastatic 
breast eancer means merely the recording of one or several observa- 
tions. The fact remains that present knowdedge is far from complete. 
To summarize, it appears that estrogens and androgens have a similar 
effect on skeletal metastases from mammary cancer. The evidence at 
this time indicates growth inhibition in certain cases following a with- 
drawal of either of these hormones. Conversely, an excess of either 
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BENIGN HYPERTROPHY AND CARCJNOilA 01'’ ’I'HE PROSTATE 
Occurrence and Experiiientau Production in Animals 
Robert A. jMoore. jM.D., St. Ijouis, ]\1o. 

(From Ihe Depariment of TaihoTogy, Waxhinglon TJnirersilg School of Medicine, 

SI. Lotii.')) 

T he ba.sie observation that the testes control the development and 
state of the secondary sexual orpans ivas made at some time early 
in the history of man’s contact Avith domesticated animals, either ac- 
cidentally or deliberately. The farmer used this information in the 
castration of roosters to produce capons, Avith their supposed Ki'eatei' 
Aveight and more delicious meat. Castration of other animals was also 
found to be useful to the agriculturist. In man, the Turks and Chinese 
took advantage of the suppression of secondary sexual characters and 
sexual drNe by orchiectomy in pi’epuberal bovs to supply the eunuchs 
for the harems. Religious sects, such as tin* ycopzen in Russia, used 
gonadectoniy in the male to depress sexual drive after the thirty-fifth 
year of life as a part of their taboo. Incidentally, the operation of 
ovariectomy Avas beyond their ability, so that the comparable pro- 
cedure in Avomen Avas to scav the labia almost closed and burn the nipples. 

Scientific study of the phenomenon of atrophy of the secondary 
sexual ehai’acters after the removal of the testes Avas initiated by John 
Hunter, aaJio noted among other things that the prostate underAvent 
progressive atrophy. This knoAAdedge of a general biologic ])rinci 2 ile 
Avas put to little jiractical use in the treatment of disease in man until 
the end of the nineteenth century, AAhen White proposed that castra- 
tion be used to induce atrophy of the enlarged prostate of older men. 
Within the last feiv years Huggins and his associates have .shoAvn that 
the testes in some Avay influence the groAA’th of prostatie carcinoma, and 
that removal of them results in considerable clinical improA'ement. 

It is the purpose of this communication to present the evidence for 
and against the concept that benign liATiertrophy and carcinoma of the 
prostate are endocrinologie dystrophies, and to revieiv the occurrence 
and experimental iiroduction of the tAA-o conditions in animals. 


eatdence th.at benign hypertrophy of the prostate 

IS AN ENDOCRINOLOGIC DYSTROPHY 


Acjc facicZcJicf.— Benign hA-pertrophy of the prostate is charaeteristi- 
eally a disease of men over the age of 40 years. Fcav if any patients 
Avith tr ue nodular hyperplasia have been observed before this age. Most 
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iiisljiiu’fs (if in yunni'cr iik'h ;irc llic rcsnlt of iiculcj ]))ostiifiti.s 

or of liyiHTirojiIiy of ilio nu'iiinn loir of niiiscli' ;i! Ilio infonuil iircthnil 
orifice. In iny own M-rie'^ of over 70ii piwljilos stiulic'd niicroscoiiicnlly, 
tlu' younoi.sl individnol with o true iiodide formed within Ilio jiioslatic 
li'^stti^ w.'K :!!> yi'.-ifs of and the nodnh's in litis case were microscopic 
in si^.c. With increasing n^e tliere is an inercasinir incidenct* of iicnifih 
hypertrophy, until To per cent of all men from SO to !)() yeans of ape 
have iiisiohtpieaiiy demonsirahle nodnies within the pland fiMoorii). In 
contrast with tltis, the clinical ineident'c of urethral ohstiuelion demand- 
intr ojx'rativo interference reaches a maximum at iihonl the ape of (Jo 
years f(Jover'). It is ]ms^ihle that iialitmts older than (iS years tire not 
subjected to operative removal of the cnlarped jn-ostatic tissue, hut ;i 
numher of urolopists have told me that lliis cannot he the entire cxidana- 
tion. In terms of the etiolopie, auenf the.se tipurcs moan that the cau.sal 
tigenl, is pro.sent after the aue of -10 yeans, that it reaches its preatest in- 
tensity at the ape* of about (if) yeai's, and d('crcases in intensity thereafter, 
hut remains active in the production of additional and new nodules. 

ItnciaJ Tucidcncr. — A difference in racial incidence does not of neces- 
.sity mean that a disease is catisod hy a hormonal dystrophy, hut it does 
e.stahlish a constitutional dilTerenee. In contrast with the fipures noted 
for the Caucasian race, henipn hypertrophy of the ])rostate, both clini- 
cally and pathologically, is a rare disease among the Chinese people 
(Chang and Char). Com])aralive figures are 45 to 55 per cent of all 
Caucasian men ovei* 40 yeai*s of ape, and 6 per cent of similar Chinese 
men. Char*^ informs mo that he has no e.xplanation of this difference 
except one of constitution. It is true that Buddhist religion pi-ohihits 
sexual intercourse after the age of 35 years, hut it is improbable that 
this is held to hy all Chine.so people, and as Avill he explained in the next 
paragraph this could not account for the entire difference. In contrast, 
hjiDertrophy of the prostate in Negi’oes is as common as in tlie wdiite 
man (D’Aunoy, Schenken, and Burns; Derhes, Leche, and Hooker). 

Marital State . — According to the extensive investigation of Cover, 
benign hypertrophy of the prostate is slightly less common in single men 
than in married men, Avhen the marital state of patients with the disease 
is compared Avith the marital state of the jjopulation in general. This 
difference is significant, Avith a probable error in excess of 4. Young 
suggests that benign hypertrophy is a I’are disease in the Catholic 
hierarchy, but Dr. EdAvard L. Keys of Ncav Yoi-k infoiins me that he has 
seen many priests of the Catholic Church Avith the condition, and believes 
that it is as common in them as in the general populatioii. 

Oonstihition . — There are no precise scientific studies on the relation 
of constitution to the incidence of benign hypertrophy. It has been sug- 
gested that men Avhose constitutions tend toAA'^ard the feminine tjTDe — that 
IS, men AAuth broad hips, prominent breasts, inconspicuous sexual hair, 
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and loose inguinal rings — develop benign hypertrophy more frequently 
than others (iiloszkowiez). Draper found that individuals with benign 
hypertrophy had longer ears than any other grou]) ol individuals will) 
disease. There is a single leport of the oeeurrence of benign hyper- 
trophy in identical twins in the same year ot life (Kaulmann). 

Retention of Exogenoua Creatine . — It has been postulated that the 
retention of ingested or injected exogenous creatine is an index ol the 
state of androgenic stimulation. Studies of young individuals, older 
men without disease of the prostate, and older men with i^rostatic 
hypertrophy reveal no difference in the j’ctention ol exogenous creatine. 
By injection of androgens into all of these individuals there is increased 
retention, indicating that the tissues are still responsible to the andro- 
genic hormones (Sutton). 

The Effect of Castration . — At the end of the nineteenth cenlui’y AVhite 
proposed that since the prostate undergoes atrophy following castration, 
the enlarged prostate should also undergo atro]>hy. The ])rocedurc wa.s 
carried out on a large number of patients, but the evaluation of the 
results became so controversial that it is not ])ossible at the present time 
to evaluate them with any accuracy. In the original report by Young 
on perineal ])rostatectomy, there are descriptions of the prostates of two 
individuals subjected some years before to en.stration. The typical 
hyperplasia of the epithelium and ot the stroma is described in both. 
The slides on the case reported by Nancrede have been kindly reviewed 
for me by Dr. C. Y. AVeller,* and his description is typical of benign hy- 
imrtrophy without evidence of atrophy. Similarly, in one case in the files 
of the New York Hospital, I have not been able to find any evidence that 
castration brings about atrophy of the hyperidastic tis.sue. Jloi'e re- 
cently, Deming, Jenkins, and van AVagenen came to the same conclusion. 
Deming has been good enough to allow me to examine the seel ions, and 
I fully agiec with his interpretation. In contrast, Hiiggins and Stevens 
have examined two enlarged prostates several months after castration, 
and in one case found atrophy of the epithelium and of the stroma. 
Huggins has given me slides from this case, and I find myself in full 
agreement with his interpretation. It is entirely possiljle tliat a few 
patients respond and that most do not. Certainly the subject is worthv 
of further investigation. 

The Effect of Hormones. — Alost reports of the study of tissues in pro- 
static hypertrophy following the injection of androgens leave no doubt 
that these sub.stances have no effect on the histologic ai)pearancc of the 
lij-perplastie tissue (Aloore and AtcBcUan; Draper, Slaughter, and Dens- 
low; Heekd). Tliere is a single report that additional hyperplasia was 
present ( Keller and Hull) . AVith estrogens there ai e the typical changes 
resulting in all animal species: metaplasia of the urethral and ducdal 
epitheli um and increase of lymphoid tis.sue (Alooi-e and lilcLellan). In- 
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:i( the ( 'irvolaiul Clinir, worlciii'^ luuli’r tiic poncral dircclion 
of Lower, found tlial ravtralion in rat*; r('Mtlt('d in afiopliy of llie pros- 
tate and liypert ropiiy of flic j>ituilary pland. Injeetions of andi’opcns 
re'>(ort‘d ilu- prostate to lutrnial init liad iio offeet on Ilie pituitary. On 
the other liaiid a water-soliihle extraef of the testes induced atrojiliy of 
the piiistate lull jeston-d the pituitary to normal. They therefore jiostu- 
lated tlial the teste.s etuilained two hormones, om* fat-soluble and one 
'v;it<‘r-solubh‘. Feedinir of the latter subslaiiee to patients with henipn 
hypertrophy resulted in elinieal iniju-ovimienl in about (iO jier cent. 
Feed Xe.sbit*’ has been pood eiiouph to allow me to examine .seetions 
from the pro.states of two men who received this treatment for over 
one year and then had proslat eel <»my. There is in the.se slides no evi- 
denee of atrojdiy, 

Rihiivnj io the l^iiuiinrii ft laud . — The theories jlevelojied by Lower 
and his nssoeiates jmsiulated a hyperaelivity of the pituitary pland. In 
order to secure information on this point I have studied the pituitario.s 
upon whieh the reports of Ihiisons and of i\lelebionna and ]\Iooie were 
ba,se<l. Together the.se eonstitule IbO pland.s. As .shown in Table I there 
is no differenee in the woiphi of the pituitary pland in men with elinieal 
benipn hypertrophy, and in men without di.sea.se of the pro.state of a 
coinjiarablc ape prouji. 

TAiir.K I 


fVnioHT or PiTUiT-MiY IX ItKi.ATiox TO Bexiox Ih'i'KRTi!ornv or Prostate 



TYRE or RATI EXT 

NUMDER or 
OBSEKVATIOX.S 

AVERAGE WEIGHT OP 
PITUITARY fJIG.) 


Men over -JO wiOiont 
licnign liypoi'tropliy 

10 

644 


Men over 40 witti 
benign livpertroptiy 

20 

627 


M’'onicn over 40 

23 

751 


In contrast, the pituitary gland of women over the age of 40 years is 
considerably lieavier. Histologic study for the presence of adenomas, 
for basophilic invasion of the posterior lobe, and for gross changes in the 
relative proportion of the cells reveals no relation of any of these con- 
ditions to benign hypertrophy of the prostate. The reverse relation of 
the state of the prostate in disease of the pituitary gland is also of inter- 
est. There are a few examples in tlie literature of complete destruction 
of the pituitary by a suprasellar cyst, producing pituitary infantilism. 
Histologic examination of the prostate shows complete atrophy, and in 
those patients who have lived to be over 40 years of age there is no evi- 
dence of benign hypertrophy. In the carefully studied cases of acro- 
megaly reported by Cushing and Davidoff there is note of hyperplasia, 
but not of the formation of nodules. There are inadequate reports in 
the literature of patients with basophilism and of patients with Sim- 
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monds’ disease to arrive at any conclusion concerning tlie nature of pro- 
static changes. 

TJrmary Excretion of Hormones. — Although there is not entire agree- 
ment. most reports indicate that there is a slight to moderate decrease 
in the urinary excretion of androgens and estrogens in the urine of pa- 
tients ■with benign hypertrophy as compared ■with indimduals of similar 
age (Moore, IMiller, and hlcLellan; Dingemanse and Laqueur). In con- 
trast ■with the greatly increased excretion of prolan in the urine of post- 
menopausal ■\vomen, there is no increase in men, either ■with or ■without 
benign hj'pei’trophy (Woodman and Stimpel). 

lApopenia. — In most patients ■with benign In-pertrophy there is a 30 
to 40 per cent decrease in the total lipid, total cholesterol, cholesterol 
ester, and phospholipid in the blood. This is interpreted as emdence 
that the condition is a general metabolic disturbance (Boyd and Berry). 

Part of the Prostate Involved. — The smallest and presumably the 
earliest lesions of benign hypertrophy of the prostate are found in the 
periurethral tissue cephalad to the distal end of the veiumontanum. 
Similar small lesions are also seen about the prostatic ducts of the lateral 
and middle lobes, and occasionally ■\\'ithin the lobules of the lateral lobes. 
Nodular hyperplasia is never observed in the posterior lobe. In pseudo- 
hermaphrodites the structure of the prostate is dependent on the sex of 
the gonad. If there are ovaries present, the prostate is represented only 
by the middle and lateral lobes; "while if testes are present the entire 
male prostate, including the posterior lobe, suiTOunds the urethra (Mos- 
zko"sviez) . These observations indicate that the middle and lateral lobes 
of the prostate constitute an ambisexual organ, while the posterior lobe 
is a distinctly male structui’e. Comparison with the distribution of 
benign hypertrophy of the prostate further indicates that this disease 
involves the ambisexual part of the prostate — ^in other words, that part 
which is sensitive to both androgens and estrogens. This conclusion is 
further supported by a study of the prostate of the newborn infant, 
which is presumably exposed to excessive amounts of estrogen crossing 
the placenta from the blood of the mother. In the prostate of the new- 
born infant there is squamous metaplasia "within the urethra, about the 
veiumontanum, and in the ducts to the lateral and middle lobes (Diaca ; 
Brody and Goldman) , 

Relation of the Adrenal. — For many reasons it has been supposed that 
some activity of the adrenal gland is the cause or one of the causes of 
benign hj-pertrophy. It is knoivn that the adrenal gland of the young 
rat is capable of maintaining the normal appearance of the prostate for 
as long as 40 days in both male and female animals (Price). In a quali- 
tative study of the excretion of urinarj* androgens in the urine of pa- 
tients with benign hj-pertrophy, ililler found that there is a relative 
increase in the amount of dehydroisoandrosterone, and a relative and 
absolute decrease in the amount of androsterone. Callow and Callow 
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.'iixi oilioi's li;ivc slidwii (litit tln'sfiujTi* of flcliyflroisoniulrostci'onc in man 
i'i pnobaMy !)!i* .■ulh'iia) trlaia); i! n riiaitis anci- rastration hut (]i.sapppar.s 
man l)i<> nrini' in involvin;: •lov.lniolion of I ho adrona) cortex. 

Dospiio ihi*- infoioiiJiai of tlio nlalioi) of ilio adronal.s to heniprii 

hyport rojdiy. no tnorjdxdoirio ol)an"< '; havo hooji do.sorihi d. It is j)o.ssil)]o 
that more pivoi'.o studios with difforoutial staininc of the androgenic 
oellx wouhl give a positive answer to the <]uostion. On tiu; contrary, 
morpindogic stttdies of the ]>rnslato in diseases of liie adrenal gland have 
shown a delinile relation. In tlie rare adrenal insunicieney of young 
cliiidren with hyjo'rtrophy «)f the jidrennl glands (DijldunV-en andBehr), 
there is hyperplasia of the jirostate to tlx* point where it is identical in 
structure with that of the adult, 1 have had an oi)itortunily to study 
two of 1hes(. eases:*' both patients died of adrenal insufllcicncy. At 
autopsy the tidreiial glands were twice normal size, and the prostate 
showed a typical adult siruettire. I'nfortiinatcly, no studies for fuch- 
sinophilic granules were made in either eas(>. These ohservations do 
indicate, howevm-, that the androgenic activity of the adrenal gland nmy 
he considenihle. This conclusion is suj^jiortod hy the enlargement of the 
prostate in patients with a functioning tumor of the adrenal cortex. Of 
great interest wouhl he studies of the female prostate in young girls 
with virilism and with tin adrenal tumor. Despite the most assiduous 
search, 1 have not hccii able to find any published reports on this point. 
It has boon .shown hy a number of investigators that the in.iection of 
androgenic hormones into female rats will result in great hyperplasia 
of the vestigial ]iroslatc in .about 25 ])cr cent of animals (Koreiichevsky ; 
Korenchcv.sky and Dennison; Hamilton and Wolfe). I have been able 
to studyf the prostate in 15 ca.s-es of Addison's disease, 12 resulting from 
tuberculosis and 3 from ])i'imary cortical atroph.v. In none did the pros- 
tate differ from the expected structure, and we must therefore conclude 
that the androgenic and estrogenic activity of the adrenal in adults is 
not of sufficient intcnsit.v to affect the .structure of the prostate. 

Recurrence . — The phenomenon of recurrence following a so-called 
prostatectomy is a well-recognized phenomenon. It indicates nothing 
more than that this operation involves removal of onl,v the enlarged 
tissue, and that the basic cause of the disease remains. The average in- 
terval between the first and second operation is about 5 years, although 
periods as short as 2 and as long as 10 years have been reported 
(Kretschmer) . 

Effect of the Operations of Steinach . — ^According to the experimental 
results of Steinach, ligation and division of the vas deferens in an adult 
animal organism will result in hyperplasia of the interstitial cells of the 
testes and rejuvenation of the maleness of the organism. Under the 
assumption that benign hypertrophy of the prostate results from a de- 
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creased excretion of androgen, the Steinaeh II lias been emplo\ed in the 
treatment of the disease. The results are comparable to all othei 
methods of treatment; namely, about 50 to 60 per cent are improved 
(Jacobs). It is highly improbable that this improvement represents a 
specific eftect of the ligation of the vas. Clarke has clearly shown that 
rest in bed. catheterization, or any other well-recognized conservative 
treatment Avill give improvement and relief of symploms in patients 
with pro.static hypertrojiliy for periods of years. 

Relation to the Testes . — Jlorphologic studies of the size and structure 
of the testes in patients with benign hypertro])hy of the prostate have 
uniformly shown that there are no consistent alterations associated with 
this disea.se. Specifically there are no changes, either pualitatively or 
quantitatively, in the interstitial cells. The direct effect of castration 
on the development of disease has been discussed. The problem may, 
however, be appi’oached in another way. In the medical literature there 
are careful pathologic reports, including micioscopic description of the 
prostate: of 28 e\imichs, eunuchoids, or individuals with pituitary in- 
fantilism who lost the sccondarj- sexual characteristics before the age of 
40 years and lived to be over 45 years of age. These include every re- 
port that could be found, and it is hoped a summary may be piiblished 
soon. There is not a single example of benign hyperti'ophy in this 
group. In the population at lai’ge, similar studies would reveal that 
50 per cent had evidence of nodular hyperplasia. It is highly unlikelj' 
that the absence of the condition in 28 consecutive cases of men over 
the age of 45 co\rld be chance observation. We may hence conclude 
with statistical support that benign hypertrophy does not develop 
except in the presence of a functioning testis — the strongest evidence 
yet offered that the disease is an endocrinologic dystrophy. In fact it 
is positive evidence, which cannot be disputed. In patients with a 
teratoma of the testis in whom there is a large amount of prolan in the 
body fluids and in the urine, there are no consistent changes in the 
prostate. Certainly there is no hyperplasia. This commonly occurs in 
young individuals during the third decade of life, and the prostatie 
acini are normally lined with tall, columnar epithelium, a point over- 
looked by some investigators of this subject who have reported hyper- 
plasia. In the few reports of interstitial cell tumors of the testes, 
hyperplasia of the prostate is noted, but it is never nodular in distri- 
bution. but rather diffuse and of the same character’ seen in children 
given large amounts of androgens. 

Metabolism of Surviving Tissue . — Surviving slices of the tissue in- 
volved in benign hypertrophj’^ shorv a type of respiration similar to that 
of actively growing tissue, that is, a significant Pasteur effect. Whether 
or not this can be interpreted as evidence that benign hypertrophy is a 
tumor depends on the evaluation of the entire principle of Warburg. 
Attempts to influence the prostate of the rabbit with hormones so that a 



MOdHi:: ni:\H!N iivi’i:!iTiM*i*iiv .\ni» cakcixoma or i-kostati; Joi) 


siniihir tyj^r of nu>!nbt>lisin results have not been ,sueei>ssf‘ul fl'olins ami 
Moore). 

Chfmisfrjt of Pi-oslofic Sfcniion . — DifiVrential chemieal analy.sos of 
the lij>ids in ]>rostatie .secretion of younir men ami of older men with and 
Avithout benifin hypertrophy show no sifrnifieant differences (IMooi’c, 
:\rillor. amnieLell'an). 

Sumvutrif . — The jiroat mass of data indicates that henifi:n hyi)er- 
trophy of the ]>rostate is an endocrinolofric dystrophy. Tlie nature of 
the dystrophy is not eleai’. I)ul it .seems certain that it is not an exce.ssive 
amount of any type of hormone, but rather is a .shift in tlie relative 
amounts of the various androgenie and estrogenic siibstanccs. Present 
evidence indicates a decieased e-Keretion of biologic.'illy active androgen, 
a lc.s.s striking decrease of estrogen, and a relative increase of the adrenal 
androgen, dehydroisoamlrosteronc. This, in g('neral, means a relative 
estrogenic and adrenal androgenic ])repondcia!ice, acting on the ambi- 
sexual ])art of the iirostatc. 

occunmcNCE or mcNiux nynKimtorny or the pkostatk ix axijials 

Dogs . — About SO ])er cent of dogs over the age of S to 10 years show 
enlai'gement of the ])rostate. This is fi-ecpiently i-eferred to as benign 
hAi)ertrophy. but in my opinion there is no evidence tliat the disease in 
dogs and in man are the same. Histologically, in a dog the hyperplasia 
is diffu.se and rarely if ever occurs in the form of nodules. In the large 
sei’ies of canine prostates studied by Zuekerman and j\[eKeown there was 
not a single examine of nodular hyperplasia. Hr. AVilliam li. Feldman 
of the lifayo Foundation has sent me a rein-e.sentative group of prostates 
from older dogs, used in the .study of Schlotthauer. In none of these 
were there nodules. It is i)o.s.sible that tlie eliologic factors are the same 
in man and in the dog. but the resi)onse on tlie part of the tissues is 
different — in tlie dog, dift'u.se liyperplasia, and in man, nodular hyper- 
plasia. The general stimcture of the canine piustate is similar to that of 
man, and aside from monkeys this species seems the be.st experimental 
animal for investigation. 

Monl;eys . — So far as I am awai'e there are no reports of nodular hy- 
perplasia of the prostate in older monkeys, but this means little. Most 
monkeys employed in the laboratory are less than 3 years old. and have 
not yet gone through puberty. It is to be hoped that the colbny in 
Puerto Rico will furnish a number of older monkeys, comparable' in age 
to the man of 60 or 70 j'ears of age. Until these .studies are carried out, 
no statement concerning the natural incidence of prostatic disease in the 
monkey can be made. 

Rat . — The rat has served for most of the experimental studies on the 
sex horaiones. There is a single case report by Heming, Jenkins, and 
van Wagenen of a nodular tA-pe of hyperplasia in the suburethral tissues 
of the rat. The appearance shown in their ]mblished photomicrographs 
is not similar to that of the human disease. 
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Other Species. — In one lemur, Fox reported a papillary adenoma of 
the prostate. H. N. S. Green (personal eommunieation) states that 
he has seen one typical nodular hyperpla.sia of the prostate in a rabbit . 
but both the tissues and the record 'were lost, unfortunately. 

EXPERIJIENT.VG PRODUCTION OF BENIGN HYPERTROPHY OF THE PKO.STATE 

There are no convincing reports in the medical literature that a con- 
dition identical or even similar to benign hypertrophy has been produced 
in experimental animals. The injection of androgens leads to diffuse 
hypeiTilasia. The injection of estrogens leads to metaplasia and some 
hjiierplasia of tissues about the urethra. In neither are nodules foimed 
of either stroma or epithelium. These results indicate that the problem 
is far more complex than the simple injection of excessive amounts of 
one hormone. Our own experiments have been directed toward the im- 
plantation of pellets of vai'ious hormones into castrated animals, in an 
attempt to reproduce approximately the hormonal status of men with 
the disease. This involves injection of androgen at a sulnnaintenance 
level, the injection of sufficient estrogen to be just in excess, and the 
injection of dehydroisoandrosterone in amounts from 5 to 10 times that 
of the active androgen. The results have so far been negative. "We have 
also attempted to bring about nodular hyperplasia by periodic injections 
in castrated rats. Adult animals were given 1 mg. once eveiy 10 days 
for periods up to 180 days. In 3 there was suggestive encapsulation of 
lobules of the prostate, but not .sufficiently clear to claim reproduction 
of the disease. 

EIUDENCE THAT CARCINOMA OF THE PKO.STATE IS AN 
ENDOCRINOLOGIC DYSTROPHY 

Age Incidence . — Carcinoma of the prostate is a distinctive tumor in 
that it is definitely a neoplasm of increasing age. There are not over 25 
cases in the world literature of carcinoma of the prostate in individuals 
less than 30 years of age ( Joeck). It has been established that after the 
age of 40 years there is a gradual decrease in the urinaiy androgens 
which are biochemically active. As the urinary androgens decrease there 
is a progressive increase in the incidence of carcinoma of the prostate, 
until during the eighth decade it is one of the most important and fre- 
quent of all carcinomas (Duff). 

Racial Incidence . — Although racial incidence does not prove that a 
tumor is related to hormones, it does demonstrate a constitutional or 
genetic factor which may in turn control the endocrine status. In 
Chinese people, carcinoma of the prostate is a rare foim of tumor, and 
in the series studied by Hu and Ch’in there was only one instance of 
carcinoma of the prostate in 379 carcinomas in Chinese men. 

Incidence in Ennnclis and Eunuchoids. — To my knowledge there is 
not a single instance in the literature of the occurrence of carcinoma of 



ni'Sii;x iivi-i inifctfiiv .\m> cmu'Ixoma or i-hostati; Ifi] 


l!u' prostntc in :i cunnch iior in u friu* onmiclioicl. Tlie crileriii foi- the 
c\inuphoiil sfnto nre the ohnnfrc.s in Iho .spconclnrv soxnnl organs, and not 
the fact that the testes are small. It has been repeatedly demonstrated 
that there is no eorrelalion hot ween the size of the testes and the strength 
of the seeondary sexual eharaeteristies nor the excretion of urinary 
androcens. 

ICffcrl of h-raduiiion of {hr Trsits . — Irradiation of the testes leads to 
marked atrojdiy of the s'eminiferous tnhnles, Jind to slight atrophy of the 
interstitial cells. There is an assoeiated decrease in nrinaty androgens. 
Accordintr to the ro])ort of ^fnnger, patients with carcinoma of the 
prostate, given 500 I?, of irradiation by high voltage x-ray to each tc.stis 
did better and .sundved in n higher percentage than the patients treated 
only by resection. There is not, liowcvcr, the striking effeel observed 
after castration, and irradiation of tlie testes cannot be recommended 
as an alternate therapeutic procedure at the pre.senl time. 

The Effect of Castration . — This topic is com]dctely covered by Dr. 
Charles Huggins in another article of this .symiiosium, and will not be 
discussed here. 

Effects of Estrorjens . — By serial biopsy, Sehenken and Burns demon- 
strated that the administration of slilbeslrol over periods up to 60 days 
brouglit about jirofound degenerative changes in the neo])lastic cells of 
carcinoma of the prostate. 

Effects of Androgens. — At. the time of this communication there are 
no histologic studies to demonstrate the effect of androgens on car- 
cinoma of the prostate, but in 3 cases reported by Huggins, Stevens, and 
Hodges there was an increase of pain in the legs and an increase of the 
serum acid phosphatase following the administration of testosterone 
propionate. In one case studied by IMoore and ]\IcLellan an individual 
vutli carcinoma of the prostate was given 600 mg. of testosterone pro- 
pionate over a period of 12 days. The histologic appearance of this 
carcinoma was not significantly different from the usual carcinoma of 
the prostate. The man died with multiple metastases 12 months after 
a radical perineal prostatectomy. 

Acid Phosphatase . — ^An acid phosphatase most active at a pH of 5 
is present in prostatic tissue in small amounts during infancy and child- 
hood, and in large amounts after puberty (Moore and Hanzel ; Gutman 
and Gutman) . This observation clearly indicates that seeretoiy acti-vatj^ 
and adulthood in man are directly related to the amount of acid phos- 
phatase in the prostate. Experimental support is given by the demon- 
stration that the low prepuberal levels in the monkey may be promptly 
increased by injections of testosterone propionate (Gutman and Gut- 
man). In patients with carcinoma of the prostate and metastases to 
bone there is a remarkable increase in the acid phosphatase of the serum 
( Gjitman and Gutman ; Eobinson, Gutman, and Gutman ; Barringer and 
Woodard). Castration or injection of estrogens will cause a decrease in 
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the serum acid phosphatase, Avhile injection ol‘ androgens results in a 
further increase (Huggins and Hodges). The excessive phosphatase is 
readily demonstrable in histologic .sections of the neoplastic tissue (Hug- 
gins, Stevens, and Hodges). 

occurrexcp: of carcinoma of the fko.state in animals 

In sharp eontrast with the situation in man, careinoma of the pros- 
tate is apparently rare in all animals except the dog. Tliis raidty may 
be only apparent, because most of the animals that have been .studied are 
domesticated by man and arc sacrificed as a source of food during n’liat 
amounts to childhood. AVild animals brought into captivity in most in- 
stances do not live a full lifetime. 

Primates . — Of all of the monkeys, chimpanzees, and other ])rimates 
studied in the laboratory during the past 100 yeai-s, there is only a single 
observation of a primary carcinoma of the iirostate. This was noted in 
an old monkey (Phesas mnlafta) of unknown age, by Engle and Stout. 

Bogs. — 5»Iany dogs live for over 10 or 12 years, yet there are relatively 
few observations on carcinomas of the prostate. Sticker collected the 
autopsy material on dogs from Berlin A^'eterinary Institute and the 
Dresden A’^eterinary Institute. In Berlin there were 1,306 autopsies on 
dogs, until 72 tumors, of which 11 were primary in the pro.state. The 
youngest of these 11 dogs was between 6 and 8 years of age. Of 111 
tumors in dogs observed at the Dresden Institute none were primary in 
the prostate. In a summary of his oum obsei vations and those recorded 
in the literature. Sticker noted 11 carcinomas of the prostate among 956 
carcinomas of dogs. Krause observed a carcinoma of the prostate or 
urethra in a cryptorchid dog. Folger, in a review of tumors in animals 
in 1917, could find only 5 reports in the European literature of car- 
cinoma of the prostate in dogs. They were all adenocarcinomas. Feld- 
man, in his suiwey of neoplasms in domesticated animals in 1932, gave 
no added examples of citations from the literature. In their critical 
study of the prostate in 243 dogs of all ages, Zuckerman and McKeown 
found one carcinoma of the prostate in a dog with an adenocarcinoma of 
the testis. It is their opinion that this association was probably fortui- 
tous. Of 15 dogs with adenocarcinomas of the testes, the prostate in 5 
showed advanced squamous metaplasia of the glandular .system, an in- 
dication of powerful estrogenic stimulation. In this series of 243 dogs, 
89 were estimated to be 6 years of age or older. In view of the high 
incidence of latent carcinoma of the prostate in man (Aloore; Rich), 
15 to 20 per cent, it is significant that no latent carcinoma of the pros- 
tate was found in these older dogs. 

Other Species . — Sticker observed 110 tumors in bovines, with 1 car- 
cinoma of the prostate. Among 509 tumors in horses, again there was 
only 1 carcinoma of the prostate. McCoy examined about 100,000 wild 
rats and found 103 primary tumors, none of which originated in the 
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Slirhcr olisct’wd jim nf the pi'(i‘;ial(“ iiiiuiii;'' 21 ciii'- 

«'iiu>ii)as in I in' ivi). .\ii)(in>; die many i’f‘|)()r!s Iiy Slyo aiui lior <'o-\vorlcoi's 
(ill'll' is no liirnlioi) of caroinonia of (lie jiro'^talf. One sari'oma of (Ik' 
M'liiitial vc'vicli* in a inoiisi' was oi'M-i \i'(| In l•onmM•(ion w’iili liio oNpeii- 
iiu-nta! produi'tion of so-calii'd Minainuns-i'cl! cari'inoina of tin' jn-oslafo 
witii osinniciis. it is sianilicanl dial of lad noncxpi'i'iinonlal sipianions- 
I'l'il cari'inonias in uiii'c. iiono was primary in llir pi'oslalr ('Slyc, Ilolinc.s, 
ami Wi'lisi. Aniont: !d luiiioi-s of caplivo wild aniinal.s Fox rcporlod no 
rarfinonia of dir proslafr. Itnl mio painllary adi'iioina in a rinij-lailt'd 
lemur (I.fmur luifta). So far as I am aware no eareinoma of (lie pros- 
tafi* in die raldiit or in (he miinea jii"^ lias iieen reeorded. 
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IN' ANIMALS 

111/ htjn li'iii of AudviKji vs. — in s'liile of die evidenee in man dial 
eareinoma of (lie proslale is imjiroved liy oreiiideelomy, and made worse 
liy (lie in.ieelion of androgens, (here are no rejiorls of (he jiroduetion of 
eareinoma of dm jiroslale in animals hy injeelion of andio,a:ons. These 
slndies inelude those of Fossle and /Mahler on adiill dops and of Zahler 
on senile ilops. In hodi inslanees (he ]H'riod of study was relalively 
short, and (ho amount of aiidropen p:ivon was jirohahly inadoqiialo. 
Zuclccrman and I’arltes in.iceled 242.5 nip. of tesloslcronc propionate 
into a castrated rliesus monkey durinp !)1 days. The liistolopie, struclnre 
of the jirostatc was normal. In lemuns, u]) to 1,985 mp. in 157 da.vs pave 
only diffuse liyi>cr(ro])liy and liyjierplasia (Zuckerman and Sandys). 

Bn fvjcciifm of Bslrof/cvs. — Ijacassapne, Laea.ssapne and Villela, and 
Burrows and Kennaway indeiiendentiy observed that lonp-continucd ad- 
ministration of estropen hroupht about pronounced sriuamous meta- 
plasia of (he ejiithelium of the jirostatc of the mouse. This has fre- 
quently been referred to as a squamous-cell eareinoma, but there is no 
evidence that (lie cells take on neoplastic jiotentialilies. From my own 
exjierience, based on observations on 6 mice and 3 rats given 250 inter- 
national units of estradiol beuxoatc weekly for 173 days, there Avas noth- 
ing more than metajdasia. The basement membrane was sharp and there 
AA'as no invasion of the surrounding stioina by ejiithelial cells. A similar 
change occurs in the rhesus monkey, and here the greatest degree of 
hyperplasia of cells and metaplasia of ejiithelium is in the utricular bed 
(Zuckerman). Tavo Hanuman lemurs ghmii 287.2 and 121.5 mg. of 
estrone for 483 and 316 days, I’espeeth'ely, shoAved no evidence of car- 
cinoma. There Avas onh' exeessiA'e ejiithelial liyjierplasia in (he jirostatie 
utricle and in the prostatic ducts (Zuckerman and Sandys). In rabbits 
administration of estrogens foi' short jieriods of time bring about squa- 
mous metaplasia of the urethra about the orifice of the seminal A'esicles, 
and migration of polymorphonuclear leucocytes in large numbers 
through the metajilastic epithelium. 
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By the Use of Carcinogenic Chemicals . — Carcinoma of the prostate 
does not result from the application of carcinogenic chemicals onto the 
skin, or injection into the subcutaneous tissues, jiloore and Melehionna 
have studied the effect of benzypyrene dissolved in lard injected directly 
into the prostate of the ■white rat. After 110 days, tumors were found 
in the prostate, and previous castration had no appreciable effect on the 
time of appearance or incidence of tumors. Both squamous-cell car- 
cinoma and leiomyosarcoma ivere observed. In animals over 500 days 
of age and in animals injected with testosterone propionate the inci- 
dence of tumors -was somewhat higher, but the experiments did not 
encompass a sufficient number of animals to justify definite conclusions. 
The whole problem of the relation of hormones to experimental carci- 
noma in the white rat is now under investigation in this lahoi’atory. 


SUMMARY 

1. There is inferential evidence but no definitive proof that benign 
hypertrophy and eareinoma of the prostate are in part caused by an 
imbalance of the endoerinologic status of the patient. 

2. Benign hypertrophy of the pi’ostate is apparently a distinctive 
disease of man. An exactly analogous lesion has not been observed 
in animals, but observations on animals of comparable age are limited 
in number. 

3. Carcinoma of the prostate occurs in dogs and rarely in other 
species. Occult eareinoma of the prostate, a common le.sion in older 
men, has not been observed in animals, in spite of investigation of 
suitable specimens. 

4. Benign hypertrophy of the prostate has not been produced in ex- 
perimental animals. 

5. An adenocarcinoma of the imostate similar to that in man has not 
been produced in experimental animals. The injection of the carcino- 
gen, benzpyrene, results in the formation of squamous-cell carcinoma 
and sarcoina. 
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Book Review 


The Modem Management of Colitis. By Jacob A. Bargen. ir.D.. Chief of tlie 
Section on Intestinal Diseascb, ilayo Clinic, Kochestcr, Minn. Ed. i. Pp. J22, 
with 148 illustrations. Springfield, 111., 1943. Cliarle.s 0 Thomas, Publisher. .$7. 

The author of this book is well known for his work on ulcerative colitis. Thi.'- 
volume is e.ssentially an attempt to suinniarize the author’s broad experience in 
that field. Whereas other conditions, such as the irritable colon, allergic colitis, 
“deficiency colitis,’’ regional colitis, l}’mphogr,anuloma venereum, tuberculosis, and 
amebic colitis, are all dealt with in a brief manner, it is with the many manifesta- 
tions of so-called chronic ulcerative colitis that the author is especially concerned 
in this treatise. Bargen recognizes the following types 'of chronic ulcerative colitis: 

1. Thrombo-ulcerative colitis of streptococcal origin, constituting approximately 
one-half of all observed varieties of all 137)03 of colitis. The entire, colon is in- 
volved. 

2. The regional or segmental t3-pe with rectum uninvolved, the most favorjible 
t37)e in that surgical e.xeision may' be performed. 

S. A type which the author designates “chronic ulcerative colitis’’ — a division 
about which the author probabl}' is somewhat confused, for in attempting to charac- 
terize it, he says, in part, concerning its proctoscopic appearance: “The gros*- 
appearance of the interior of tho bowel may bo considered 'typical’ because of its 
‘atypical appearance.’ ’’ 

The author regards T37)e I, thrombo-ulcerative colitis, as being ])riinaiily 
a medical disease and employs ileostomy only as a last resort in these cases — a con- 
clusion which he appears able to justify by- an analysis of the Mayo Clinic ex- 
perience. The author regards ileostomy' as inevitable in Type III. There are a 
large number of cases cited depicting the various types of disease described. The 
illustiatious (largely roentgenograms, are satisfactory and a list of eighty-five )ef- 
erences is appended. The monograph may bo recommended enthusiastically as 
summarizing the author’s rich experience in a cliapter of medicine tliat is not 
particularly bright and in which more illumination and enlightenment are needed. 
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Symposhim on Encloaitioloffy of 'Neoplastic Diseases 

( Conchtili (I) 


THE ENDOCRINE TREATjMENT OE" CANCERS OF THE 
PROSTATE GLAND 

Archie L. De.\x, ]\I.D., Helen Q. 'Woodahd, Ph.D., and 
Gray H. Twombly, M.D., New York, N. Y. 

(From Ihc Departments of Vrdtoyy, liioclicmistry, and Fndocrinoloffy, 
Memorial Hospital) 

A ssociation between the function of the testes and the prostate 
has been recogJiized foi' many years. Harv^ey observed that when 
the hedgehog hibernates the testes atrophy and the prostate also be- 
comes smaller. He observed also tliat the prostates of bulls became 
smaller after casti-ation. In 1893, While, on the basis of animal ex- 
periments, stated tliat the castration of dogs “was followed invariably 
and promptly by atrophy, first of glandular and then of muscular ele- 
ments, of the prostate." Two years later the same workei' reported the 
generally favorable clinical results in a group of 111 patients castrated 
by him and others because of prostatic enlargement. In 1898, results 
were reported folloAving the castration of a number of women for cancer 
of the breast. Although this treatment of breast cancer never proved suc- 
cessful, it did stimulate further treatment of prostatic tumors by modifi- 
cation of the endocrines. 

After a few years the treatment of prostatic enlargement by castra- 
tion was largely abandoned. This was probably due to a number of 
factors. The majority of patients who visited physicians with bladder 
neck obstruction perhaps required relief more promptly than could be 
brought about by removal of the testes; careful pathologic differentia- 
tion between benign and malignant enlargements of the gland were not 
performed routinely; and finally, at this time there was greatly increased 
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interest in the development of surgical methods for the relief of prostatic 
enlargement. For these reasons, and perhaps others, it was years be- 
fore further attempts were made to treat prostatic tumors by endo- 
crine metliods. Beginning in 1934, Randall castrated five men who had 
prostate cancers. Since it was necessary to relieve obstruction of the 
bladder neck in each of these patients, transurethral resections were per- 
formed as well. Bacb of these patients followed a course which ap- 
peared to Randall to be what one would expect after transurethral resec- 
tion alone. Therefore, the work was not reported until 1942. At about 
the time Randall’s Avork Avas performed, or a little later, kliAiiger ir- 
radiated the testes of a number of men with prostatic cancers. He 
noted that these patients did better than his otlier patients treated by 
different methods. A number of competent urologists exauAined jilun- 
ger’s patients rectally and could find no evidence of prostatic car- 
cinoma. Beginning about 1938, a number of investigators began to treat 
patients Avith prostatic carcinomas Avith female sex hormones. 

The development of the chemical tests, Avhieh .sIioav so accurately the 
condition of the patient AA'itli prostatic carcinoma that his response to 
treatment can be folloAved closely, is another phase of our subject. In 
1935 Kutscher and Wolbergs isolated from the prostate a phosphatase 
Avhich had its maximal activity in an acid .solution. In 1936 the Gut- 
mans and Sproul discovered that bones, the site of metastases from 
carcinoma of the prostate, contained this acid phosphatase in addition 
to the usual and Avell-knoA\m alkaline bone phosphatase. In 1938 the 
Gutmans established the fact that there Avas but little acid phosphatase 
in the prostates of infants and that this substance increased greatly 
Avith puberty. These Avorkers found acid phosphatase in the normal 
adult prostate, the hyperplastic prostate, and the cancerous prostate, 
Jilore recently, Gomori, through his microphosphatase tests, demon- 
strated that acid phosphata.se Avas present only in the adult epithelial 
cells of the gland. This AA’as the first demonstration of a chemical 
secondary sex characteristic. 

After this pioneer Avork, assays of the serum acid and alkaline phos- 
phatases came into general clinical use, and their accuracy in diagnosing 
cancers of the prostate and estimating the extent of the disease has 
been proved. More specifically, on the basis of the phosphatase find- 
ings, four groups of patients haA^e been recognized : 

1. Normal men in AA'hom there is no increase in either the sei’um acid 
or alkaline phosphatases. It is noteworthy that since every adult pros- 
tate contains large quantities of acid phosphatase and that the serum 
acid phosphatase of men is the same as that of Avomen, avIio have no 
organ rich in acid phosphatase, this substance is prevented from enter- 
ing the circvAlation by an intact prostatic capsule. 

2. Patients with cancers of the prostate and noimal amounts of serum 
acid and alkaline pho.sphalase. In this small 1ml definite croup one mav 
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with iin oxcolh'iii ('liniici' of roniovinii iill of tlio di^ciisc Iiccmiisc 
the tumor prolmbly lins not irrowo l)cyon<l the ^hmd. 

8. A group consisting of llie great majority of patients with ])rnstatic 
carcinoma. Tiic tumor lias grown throinrh the gland capsule and there 
may or may not he distant metasta.scs. In our oxiierience 78 per cent of 
these patients .show increased .serum acid idiosiilmta.se. 

4. Patients with prostatie cancens which metastasize to hones. There 
is nearly always an increase in the serum alkaline iihosphatase in these 
eases. The quantity of this suhstiince in the .serum so accurately repre- 
.sents the amount of reaction of the bones to tiie invasion of prostatic 
carcinoma that quantitative assays give clinical information not obtained 
by any other te.sts, such as the roentgen rays. 

From the clinical standpoint, cancers of the prostate have long been 
considered incurable. The freciucncy of the disease was well recognized 
and it had been closely studied by many investigators. Padical opera- 
tions had been devised for removing all of the affected jirostate gland 
with adjacent structures; external radiation from the most efficient 
sources bad been used in many caso.s, and interstitial radiation bad 
been employed frequently, with radon seeds impbinlcd both tbrougb 
perineal and suprapubic approacbes. In .spite of tbc most careful use 
of tbese forms of treatment, tbe clinical results seldom showed more 
than various degrees of palliation. It was against this background of 
deserved pe.ssimism that tbe announcement of Huggins and bis co- 
workers stood out in marked contrast. This investigator reported that 
after the relatively insignificant operation of castration, patients with 
advanced prostatic cancers improved in general, their primary tumors 
became smaller, and metastases regressed. 

Huggins’ clinical work was based on a long sei'ies of ingenious animal 
exi^eriments. Dogs’ prostates were isolated from their bladders and a 
study was made of tbe normal excretion of prostatie fluid. It was 
then demonstrated that the administration of androgens stimulated 
prostatie activity and increased the flow of prostatie fluid. It was 
shown also that the administration of estrogens promptly stopped the 
production of prostatie fluid. It was learned that the administration 
of androgens caused hyperplasia of the epithelial cells of the prostate 
and that, in some eases, metaplasia became so marked that the ap- 
pearance of the gland simulated cancer. When estrogens were given, 
these glands promptly returned to normal. Huggins also showed that 
after surgical cassation prostatie secretion slopped and metaplasia 
of the epithelial cells regressed. 

As soon as this work was reported we began the endocrine treatment 
of patients Avith prostatie cancers and treated each case like any com- 
plex clinical research problem. AVe liaA'e attempted to give our patients 
every benefit from modification of the endoerines, and at the same 
time Ave have attempted to learn the factors Avhich bring about the clin- 
ical changes and the nature of these changes. AVe have, therefore, stud- 
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ied carefully each patient from the clinical, chemical, and eiidocrinologie 
vieAvpoint. In addition to frequent clinical and roentgenologic examina- 
tions before and after treatment, at short intervals routine assays have 
been made of the acid and alkaline phosphatases, phosphonis, calcium, 
and chlorides of the blood, and of the ereatinin, androgens, estrogens, 
and gonadotropic hormones excreted in the urine. Our clinical ex- 
perience with the endocrine treatment of prostatic cancers is based on 
approximately 100 cases. Of these, about 40 have been observed for only 
short periods, or have been lost to follow-up. Sixty patients have been 
observed for six months or more or have died within six months after 
they were first seen. Thirty-one were treated by surgical castration 
and twenty-nine by stilbestrol. As these groups are small, statistical 
studies would be misleading and will not be attempted. 

In our experience, surgical castration almost invariably has given 
prompt relief to patients with pi-ostatic cancer. The improvement of 
patients with hopelessly far advanced disease is one of the most spec- 
tacular changes to be observed in clinical medicine. In no case did we 
Avithhold orchiectomy because of advanced disease, although many pa- 
tients seemed near death at the time of operation. In a number of in- 
stances, patients had been confined to bed for months because of pain 
due to metastases. Frequently thej’- had acquired serious contractures 
of their lower limbs. It was surprising, but not’ at all unusual, to see 
these individuals learniag to walk within a few days of operation. Al- 
most without exception, pain disappeared within forty-eight hours. In 
the majority of cases it had almost gone within twenty-four hours. Ap- 
petites became remarkably good, body weight increased rapidly, strength 
returned, and a large proportion of the men resumed their former oc- 
cupations and could engage actively in sports. Eegression in the size 
of metastases to soft parts was prompt. Large suprapubic masses, 
proved cancerous by biopsy, completely disappeared within two w'eeks 
of castration. Similarly, metastases in lymph nodes could no longer be 
felt from twm to three w'eeks after operation. In a number of instances, 
metastases in the lungs could no longer be demonstrated a short time 
after treatment. After orchiectomy w’e w^ere able to show diminution 
in the size of the primary prostatic tumor only occasionally, and w’e 
usually failed to observe a decrease in the amount of residual urine. 
Koentgenograms of the skeleton were made at trimonthly intervals, but 
changes in the roentgenographic appearance of the bones w^ere diffi- 
cult to interpret. The usual metastasis in bone from a prostatie car- 
cinoma is sliowm as an area of increased bone density. As the patient 
improved and healing took place in the bone, one w'ould expect a still 
further degree of bone density to be produced. We feel that we have not 
had sufficient experience in observing these changes to recognize the 
clinical status of bone lesions accurately by their roentgenographic ap- 
pearance. On the other hand, w'e have seen patients, apparently greatly 
benefited by castration, in wEom bone metastases seemed to be spread- 
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ing. Wc also ohsei-voil wliat appeaml to l)e imi)rovemenl in a nielaslalie 
area on llic right side of a iielvis, while at the same time, an obvious 
metastasis appeared and grew larger in the left pelvic hones of the same 
patient. AVc believe, that in a certain 3 )roporlion of ]ialien1s hone mota.s- 
tases im])roved substantially, but .iust how frofiuently this oceui's wc are 
unable at present to state. 

After a varying ^leriod of a])j>arently good health, which, on the aver- 
age la.slcd eight months, the ma.iority of our castrated patients relapsed. 
Usually the relapse Avas first suspected because pains recurred. Phos- 
phatase assays also indicated a relapse at about the same time that it 
Avas ajijjareut to clinical observation. 

While the great ma.iority of ca.strated patients im])roA’cd, a certain 
small percentage continued an uninterrui>1ed doAvnhill course and died 
a short time after operation. 

Ili.stologic studios of the testes removed from oAir patients, in prac- 
tically all oases, shoAved moderate tubular atrophy Avith from slight to 
marked interstitial coll hyperplasia. All of the testes Ave remoA'ed ap- 
]5eared grossly Avithin normal limits. 

After observing so many relapses folloAving castration, Ave began to 
treat a larger pro])ortion of our patients Avith stilbestrol, administered 
by mouth. Although this drug sometimes causes nausea and A^omiting, 
our patients had little difficulty if 1 mg. Avas taken daily at bedtime. 
While the improvement in these patients Avas not as sudden as that 
Avhieh folloAved castration, at the end of a xcav Avecks the ma,iority seemed 
as AA-ell in all respects as those patients A\-ho had benefited most by castra- 
tion. In this group Ave Avere able to observe a gi'eater degree of regres- 
sion in the size of the primary prostatic tumor Avith a corresponding 
reduction of the amount of residual urine. These, beneficial changes 
appeared to be correlated Avitli and generally in proportion to the 
amount of feminization brought about. Breasts enlarged and they some- 
times became tense and painful. The nipples and areolae tAxrned dark 
broAvn. Later there Avas likely to be an accumulation of Aveight about 
the hips. After an average period of seven months, patients treated 
Avith stilbestrol relapsed. HoAATver, ixp to the present time, a much 
smaller proportion of patients liaA^e relapsed under stilbestrol therapy 
than after castration, and those patients AAdio did not relapse after 
stilbestrol therapy en.ioyed excellent health on an average of tAvo years 
after treatment Avas begun. 

After the castrated patients relapsed, aa'c treated them Avith stilbestrol, 
and after the patients treated AAuth stilbestrol relapsed, Ave castrated 
them. Although these groups are too small at present for close analysis, 
neither type of secondaiy treatment proved successful. 

It is of interest to attempt to correlate the chemical and endo- 
crinologic changes Avith the clinical courses of these patients. Fig. 1 
shoAvs the changes AAdiich took place in the acid and alkaline phos- 



f5U«Ur4ivi 


i/4 


phatases, in the clilorides and calcium of the scrum, and in the excretion 
of the estrogens and androgens of a representative patient following 
orchiectomy. This man had unusually extensive i)one metastasas. He 
did well for eight months and then underwent a clinical relapse with 
coincident rise in botli acid and alkaline pliosphatase to pretreatmenl 
levels. 
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Pig 1. — ^Acid and alkaline phosphatase in units per 100 c.c. ; calcium in inilli- 
erams per 100 c.c., chlorine in milhequivalent per liter; estrogens in mouse units 
excreted per seientj-two hours; andiogens m milligrams excreted per seven ty-two 
hours. 

The acid serum phosphatase rose above the initial level on the first postoperative 
day and then dropped abruptly, but lemained above normal thioughout the period 
of ’observation. 

The alkaline serum phosphatase rose lapidly, i caching five times the initial value 
three weeks after castration, and then exhibited a slow downward trend. During 
this time the metastatic areas in the bones inci eased in size, number, and degree 
of osteoplasia. 

The serum protein and inoiganic phosphate showed only minor changes and aie 
not shown in the illustiation. 

The serum calcium dropped to abnormally low values immediately after castration 
and later returned to normal Thi.s is a fiequent finding, the .significance of which 
is not yet apparent. 

The sei-um chlorine paralleled the alkaline phosphatase throughout. This parallel- 
,=rr, iins been observed in seveial patients, and may indicate a relation between the 
ad?enS and alkaline phosphatase. 

Wstro-’cn assay was unsatisfactory on mg to the toxic effect of the urine of this 
patkTnt on mice, but tliei.- Is evidence that estrogen excretion fell after castiation. 

Andiogen excretion showt.l .r transitoiy fall after castiation, and then lose to the 
initial values. 
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Tilt* acid and alkaline pliospliala.scs in (lie .S(M-iin) of oiu- paticnls 
were dcterinined hy a modification of the Bodansky mclliod which is 
described elsewhere. .Sodinm-^-Klycerophosphale Ava.s used as sub- 
strate throughout. Normal A’alucs for acid pho.sphala.se were from 0 
to 0.7 units ])cr JOO c.c. of .scrum when the alkaline phosidiala.se was 
normal or as high as 0.9 units per 100 e.e. when the alkaline phospliatasc 
was high. Values above 1.0 unit per 100 e.e. were considered palbog- 
nomonie of melaslasizinc: pro.statie cancer. Xoimal values for alkaline 
])ho.spha1a.se were from l.b to b.O units per 100 c.c. While increased 
acid serum phosphatase indicates an extensir)n of a ])ro.stalie ca7icer, a 
normal quantity of acid serum jiho.sphatasc occasionally is found in 
the presence of an extensive tumor. However, while false negative tests 
may occur, inei-eased acid phosi>hatasc has not becJi found excejit with 
this disease. 

In describing the results of our phosi)hatasc assays, m'c have omitted 
patients on whom avc had no adequate readings prior to treatment, 
those Avho received radiation at such a time as to influence phosphatase 
determinations, and those avIio were lo.st to observation within a month 
after treatment was started. With these exceptions we have records 
of the acid and alkaline phosphatases of the serum before and after 
surgical castration of 2G patients with prostatic cancers. 

In 19 of the 26 patients the acid sei'um pho.sphatase Avas elevated be- 
fore treatment was given. In 16 of the 19 the quantity diminished 
during the two months which followed castration. While it seldom 
reached normal, the decrease in acid phosphatase usually was striking, 
amounting in one case to a change of from 115.0 to 1.4 units. In 3 
patients there Avas no significant change in acid pliosphatase after cas- 
tration. Tavo of these men failed to shoAv clinical improvement after 
operation and soon died. In the third, onlj^ a borderline abnormality 
in acid phosphatase Avas present. Seven patients had a normal acid 
phosphatase before ti’catment and no I’emarkable changes could he ob- 
served after castration. 

In a group of 23 patients treated Avith stilbestrol Ave found changes 
in acid serum phosphatase similar to those AAdrich folloAved castration. 

Our experiences, therefore, confirm Huggins’ findings and offer clear- 
cut evidence that AvithdraAval of testicular honnones or administration 
of estrogens, for a time at least, causes a marked reduction of acid 
serum phosphatase. Presumably this may be brought about either by 
diminishing the production of acid serum phosphatase by the prostatic 
cancer or by lessening the ease with Avhich this enzAone enters the circula- 
tion. In patients in AA'hom acid phosphatase does not enter the circula- 
tion neither castration nor administering stilbestrol causes it to do so. 

Of the 26 patients aaIio Avere surgically castrated, the preoperative 
assays of alkaline serum phosphatase AA-ei’e elevated in 17. All but 1 
of these men had definite eAudence of bone metastases. In 11 of the 
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17 after castration there was a further rise in alkaline phosphatase at 
some time during the following two months. In the remaining 6 pa- 
tients the alkaline phosphatase either did not change or it decreased. 
Sixteen of 22 patients who were treated with stilbestrol had pretreat- 
ment elevations in serum alkaline phosphatase. Of these, only 4 showed 
a further rise in alkaline phosphatase levels; in the remainder there 
was no change or a slow decrease. 

Nine patients had normal preoperative readings of serum alkaline 
phosphatase. In 4 of these patients there was definite evidence of hone 
metastases. In 3 of the 4 there was a significant rise in alkaline phos- 
phatase after castration. 

In the patients who have been ohseiwed long enough for roentgeno- 
graphic changes to have become demonstrable there usuallj’^ has been 
a mai'ked increase in the degree of osteoplasia whenever there has been 
a rise in the alkaline phosphatase. In some cases this appeared to in- 
dicate healing, while in othei-s pre-existing metastatic areas have grown 
larger and new metastatic areas have appeared. In at least 4 patients 
in whom a fall in alkaline phosphatase has occurred after an initial 
rise, the fall apparently has been associated with extension of the 
metastases. "We have been able to find no correlation between changes 
in either estrogen or androgen output and alterations in either of the 
serum phosphatases. 

Considerable evidence has been produced by one of us (H. Q. W.) and 
by others to show that alkaline phosphatase is produced in excess bj' 
bone as a defense mechanism. This is a nonspecific response, and may 
be the result of deficient supplies of calcium and phosphorus, as in 
rickets; of loss of calcium and phosphorus, as in hjT^erparathyroidism ; 
or of injury, as in metastatic disease, tnien prostatie carcinoma has 
invaded bone, the activity of the injurious agent (prostatic carcinoma) 
is reflected in the degree of elevation of the acid phosphatase in the 
blood. The activity of the bone defense is indicated by the amoruit of 
alkaline phosphatase in the blood. 

After castration the activity of the prostatic cancer in bones prob- 
ably decreases as is shown by the drop in acid phosphatase. "We should 
expect that the alkaline phosphatase, an index of the attempt at bone 
repair, would also deerease as the need for repair became less urgent, 
and would reach normal, several months later, when repair was well 
advanced. This has occurred in a few of our patients. As premouslv 
indicated, however, in the majority of cases the alkaline phosphatase 
rises rather than falls in the first two months after castration. Three 
possible explanations of this reaction may be suggested; 

1. There may be no increase in the production of alkaline phos- 
phatase, but instead there may be an increased rate of diffusion of this 
enzjune into the blood. This is unlikely in view of the close relation- 
ship between assays of alkaline sermn phosphatase and bone aetivitv 



i)i:.\N* irr al. : 


CAXCKHS OK ]>K()STATi; OI.AM) 


177 


However, ccrt.'iin osleoiieiiic snreoni.'is coiilaiii Jihniulanl alkaline jilios- 
pliatase wliieh does nol enler llie eirculalion. Hence, tiiorc is the pos- 
sibility that a sliii't in hormone balance may cause a change in the dif- 
fusibility of i)hospbatase. 

2. The rise in alkaline seiaim phosphatase may indicate the rcs])onse to 
increased injury. 7’his is improbable because of the coincidental reduc- 
tion of pain and decrease in acid phosi)hatasc. However, in some ])a- 
lients metasta.se.s have spread in the ab.sence of symptoms and with 
normal acid phos})halasc. 'J'hcreforc, the possibility of a temi)orary 
acceleration of bone injury cannot be dismissed entirely. 

3. The .shift in hormone balance followinir castration may stimulate 
the regenerative ca]iaeity of bone. Many invest igatoi’s have shown that 
sex hormo)ies may intluence bone development although the mechanism 
remains obscure. While we have been unable to observe a close rela- 
tionshi]) between changes in alkaline .scrum phosphatase and variations 
of estrogen and androgen excretion, it must be remembered that andro- 
gen assays measure a number of different 17-kctosteroids which differ 
in their biologic activity. It is po.ssible that after castj'ation a shift 
takes place in the relative amounts of these steroid fractions and this 
may influence the regenerative capacity of bones. Therefore, a definite 
answer to this problem must await further work on the fractionation of 
the ketosteroids. It is significant that the alkaline phosphatase response 
to castration is usually different fi-oin that to stilbestrol therapy. 

Huggins felt, as a result of his work with dogs, that the prostatic 
epithelium, whether normal or cancerous, was dependent for its growth 
on the relation of estrogenic to androgenic hormones in the blood. 
Estrogens were shown to decrease prostatic secretion, and androgens to 
increase it in experimental animals. The reason for castrating the 
man with prostatic cancer, according to this reasoning, was to remove 
the source of androgens. It has been Imoum for several j'ears that men 
excrete estrogenic hormones in their urine and since they Inive no 
ovaries, the adrenals have usually been thought of as the source of these 
substances. Since castration was not thought of as affecting the 
adrenals, the estrogens should remain constant thus bringing about a 
shift in estrogen-androgen ratio toward a higher estrogen and lower 
androgen level. Obviouslj’-, the administration of estrogens per se 
vmuld bring about a similar sort of shift. 

We Avere greatly surprised to find that these theoretical changes 
were not borne out by experimental observations in our laboratories. 
Twenty-seven cases of cancer of the prostate treated by castration were 
studied for their preeastration levels of estrogen and androgen excre- 
tion. The estrogens averaged 16.6 mouse units per twentj'-four hours 
and the androgens 6.1 mg. of androsterone ecpnvalent as determined 
colorimetrically by the Callow modification of the Zimmerman meta- 
dinitrobenzene reaction. This is a Ioav value for 17-ketosteroids, the 
healthy young male excreting 15 to 25 mg. in a similar period. 
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Alter ciistratioii. instead ol estrogens remaining the same and andro- 
gens falling as avo had expected, the estrogens droj^ped in all hnt one 
of 16 patients tested to a ]iosto])erative aveiage of 8.5 mouse units, about 
one-half the precastration level, while the androgens determined col- 
orimetrieally tended to remain the .same or rise slightly. The average 
change was from 6,1 to 7.1 mg, in the 17 patient.s tested. All post- 
operative levels were obtained one month or longer after castration. 
Gonadotropic hormones fi’om the anterior pituitary were assayed be- 
fore and after castration in 16 patients. Of tiiese, there was a definite 
postcastration rise in 11, while 5 shoAved quantities of this hormone too 
low to measure either before or after ea.stration. No case showed a 
fail in gonadotropic hormone in the urine postoperatively. 

In contrast to these figures are those obtained by assays on 9 men 
before and after treatment with 2 to 5 mg. of diethylstilbestrol daily. 
The estrogenic assays on these men averaged 18.2 mg. per twenty-four 
hours before treatment. Following treatment this figure rose enor- 
mously because a certain amount of the diethylstilbestrol was excreted 
in the urine. The androgens (17-ketosteroid.s) before treatment aver- 
aged 8.9 mg. of androsterone equivalent per twenty-four horn’s, but 
after treatment these hormones fell in evei’y case to an average of 5.4 
mg. androsterone equivalent. 

Of 6 patients studied for gonadotropic hormone excretion J’ate before 
and after stilbestrol, in none Avas there a post-treatment rise. Throe 
shoAved no measuraljle excretion either Jjefore or after stilbestrol, AA’hile 
the other 3, .shoAvmg small quantities of hormone in the urine before the 
administration of the drug, excreted too little to uAcasure after it Avas 
started. 

From the point of view of hormones excreted in the urine, therefore, 
the treatment of jArostatic cancer by castration differs completely from 
treatment Avith dietliylstillAestroI. Castration seems to cut estrogenic 
excretion in half, tends to raise 17-ketosteroid excretion, and to release 
the pituitaiy from testicular inliibition so that it pours out its 
gonadotropic hormone in excessive quantities. Stilbestrol raises the 
estrogenic excretion rate and decreases both the 17-ketosteroid excre- 
tion rate and the quantity of gonadotropic hormone in tlie urine. It ap- 
pears that these two methods of treatment, Avhile causing similar faA'or- 
able clinical effects and tho same changes in .serum acid phosphatase, 
differ markedly in tiieir effects on the hormones. These observations 
may explain why the patient Avho is having reeuri-ent symptoms folloAV- 
iiig castration is not improved by stilbcestrol or the stilbestrol patient by 
castration, smeb treatment merely neutralizing the effect of the primai-y 
treatment rather than ro-enfoi’cing it. 

Clarification of the true mechanism by which prostatic cancer i‘egre.sses 
after ca.stration or the administration of stilbestrol must aAvait more 
detailed analysis of the changes produced. The CalloAv te.st, for in- 
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st.'iiico, iiio.’isinvs all lu-uli'ai sliToitls witli a kelonic group in ])osition 
17 of Avliich (luTo aiv many. The apparcnl rise following castration may 
he in .some inactive .suhstanee in this .irrouj) and therofoi'c the eontra.sling 
hormone elianges hetween eastratimi and stilhesli'ol administration may 
he more apparent than real. Tlie elinieal oliservation that one treatment 
doe.s not aitl a jiatient who relapses after havimr received the other is 
strong evidence, however, that the.se are ojiposite i-atlier than similar 
forms of thera])y. 

.SLTM.ArAnV 

1. About 1(10 jiatients with cancer of the prostate have heen treated 
at the ^Memorial llosjiital either by ea.stration or by tlie administration 
of stilbc.strol given in doses of 1 to .') mg. daily by mouth. Both forms 
of treatment have uiven striking clinical improvement, at least tem- 
porarily. Pain is abolished. a])petite is incre;i.sed. and a gain in Aveight 
results. These changes following castration are prompt. They occur 
more graduall.v with stilhestrol. 

2. After an avei'asre of seven to eight months the patients are apt to 
have a return of pain and obvious pi-ogression of disease to death. 
Institution of other treatment, stilhe.strol in the castrated patients or 
castration in the patients treated originally with stilhestrol, fails to affect 
the unfavorable cour.se of the disease. 

3. Some patients, folloAving treatment, continue to remain clinically 
free from symi)toms of prostatie cancer for long iieriods of time, tAVO 
.A'ears or longei'. The number of such prolonged arrests of cancer seems 
more frequent in the group treated Avith stilhestrol tlian by castration, so 
that this has ])ecomc our routine initial form of treatment in the last 
eighteen months. 

4. Stilhestrol seems to cause local regre.s.sion in the size of the prostate 
and reduction in the amount of residual urine more frequently than 
castration. 

5. Changes in bony metastases in general arc loAA'ard an increase in 
calcification. Wliether this represents healing of the lesions, a change 
in their properties, or a spread of tumor is hard to say. Oecasionalty 
an increase in roentgen densit.A^ may he accompanied by the appearance 
of ncAA^ shadoAvs not previously A'isihle. 

6. Serum phosphatase determinations haA'^e proved useful for diagnosis 
and as a method of folloAving the cour.se of the disease. Elevation of 
serum acid phosphatase above 1 Bodansky unit is pathognomonic of 
prostatic cancer, although a Ioav acid pho.sphatase does not rule out the 
presence of this disease. Serum alkaline phosphatase is usually eleAmted 
AAdien bone metastases are present. 

7. Serum acid phosphatase falls promptly in those patients AA^ho 
respond faA'orably to castration and rises again Avith a return of can- 
cerous activity. The same changes occur more sloAvly in patients treated 



180 


SURGERY 


witli stilbeslrol. Serum alkaline phosphatase often rises following castra- 
tion and then slowly falls. The rise is not so apt to he present in patients 
treated with stilhestrol. The cause of this rise and sul}seciucnt fall is 
unlmown. Eeactivation of metastatic disease is usually reflected by a 
rise in serum alkaline phosphatase. 

8. Castration decreases estrogenic excretion in the urine and usually 
causes a rise in androgens as measured eolorimetrieally as 17-ketosteroids 
by the Callow-Zimmerman test. It causes a rise in excretion of pituitary 
gonadotropic hormones in the urine. 

The administration of stilhestrol decreases the output of the 17-keto- 
steroids and the gonadotropic hormone from the pitiritary. After its 
administration the excretion of stilhestrol in the urine gives a marked 
rise in the estrogen assays. 

Our findings suggest that tire mechanism whereby castration and 
stilhestrol cause regression of prostatic cancels is fundamentally dif- 
ferent. 
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THE KEEATION.SIIIP OF lIOiniONES TO TESTICULAR 

TLniORS 


Guay II. Twomulv, Ni:\v Yoinc, N. Y. 

(From the ^fi'mnrinl Kotpiinl for the Trrnlmmt of Concer aniJ Allied Diftca.irx) 

M alignant Icslicnlar 1innor.s arc of Ircmondous intei'cst botli lo 
llio endoerinologisl. and lo Ihc oneolosisi for .several reasons. They 
are a type of tumor vliich can l)c produced cx]iorimenlalIy cilher by 
oslrogenic liormoncs, as in mice, or by chemical irritants and natural or 
in.iccted hormonal .stimulation, as in fowls. Since the te.stis is one of 
the endocrine glands, lumoi-s of this organ would be expected to. and 
as a matter of fact do, produce hormones. By assay of these substances 
it is often po.ssible lo test for the prc.sence of active' testicular cancer, 
even when it is not clinically obvious, and to venture a fairly shrewd 
guess as to the radiosensitivily of the tumor and the clinical course of the 
disease. Finally, the possibility of influencing tumors of one of the 
endocrine glands by administered hormones or changes in the hormone 
balance is an almost unexplored but fascinating field for the man in- 
terested in clinical research. There are several ways of causing atrophy 
of the normal testis. AVill any of these affect the tumorous one? 


hormones and the production of testicular tumors 

Teratomas of the testis have been produced successfully in roosters 
by several workers by the injection into the testis of zinc chloride or 
zinc sulfate, a procedure first carried out in 1925 by Michalow.sky. Palin 
mentions a total of 23 so produced and in Ins latest artieles adds 5 pro- 
duced by zinc sulfate, 4 by zinc nitrate, and 1 by copper sulfate. 

Prom the endocrinologic point of view tlie most interesting feature 
of these tumors is that all workers are agreed that the tumors occur only 
in the spring when zinc salts alone are given. Bagg, however, was able 
to produce 2 of his 6 tumors in the summer, one in July and the other 
in August, by continuous treatment of the fowls with extract of sheep 
anterior pituitary gland. 

The tumors appear to be quite adult in type and resemble some of the 
so-called adult cystic teratomas seen in men. They are not transplant- 
able and do not produce quantities of gonadotropic hormone sufficient 
to appear in assays of the blood. In this respect they are similar to 
their human counterparts. 

The fundamental cause of these tumors seems to be the necrosis pro- 
duced by the zinc or copper salts, although Palin thinks that zinc uniting 
with some of the protein material of the necrotic testis may form an 
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‘ ‘ inductor ” or • ■ evocator’ ’ similar to the ‘ • organizer ' ' of Spemaiin. Bagg 
suggests a similar hypothesis. The role of hormones in the formation of 
these tumors seems to he secondary. No tumors have arisen from 
hormone stimulation alone, although Bagg treated a group of 22 birds 
in this way. However, the testis appears to be sensitive to the zinc only 
when it is actively growing under the influence of the host’s own hor- 
mones in the spring or when stimulated by injected pituitary hormone. 

A more direct relationship between tumor production and endocrine 
stimulation is seen in the testicular Lcydig cell tumors of mice produced 
by prolonged treatment Avith estrogenic substances. These were de- 
scribed first by Bonser and Eobson and bj-- Hooker, Gardner and Pfeiffer. 
They have occurred only in the Strong A strain and in two other 
strains derived from it, but have been ])roduced by three chemically 
different types of estrogens — estradiol benzoate, stilbestrol, and tri- 
phenylethylene. The sequence in their production seems to be an 
atrophy of the tubules and the formation of three different generations 
of Leydig cells. ' Tumors arise from the second or third generation. 
They are malignant and metastasize widely. IMany appear to be func- 
tional, stimulating the seminal vesicles, an observation Avhich suggests 
that they elaborate male hormone. 

Leydig cell tumors in man are of great rarity, only 9 authentic cases 
having been reported. They appear to produce premature puberty Avhen 
they occur in young boys, but no symptoms of an endocrine nature are 
described occurring in older men. We have seen 1 cose recently oc- 
curring in an adult, and he had no gross sexual abnormalities or symp- 
toms. Unfortunately, the nature of the tumor was not recognized until 
after it had been removed so that no as.says foi- male liormone output 
could be carried out. 


The precocious puberty in boys and the lack of .symptoms in men 
would fit in with an overproduction of male hormone by this type of 
tumor, as is thov;ght to occur in the mouse, for such an excess Avould be 
readily apparent in the undeveloped male but would probably show no 
effect in the adult male. There is no hint in the literature of a possible 
excess of estrogenic stimulation as the etiologic agent in the eases of 
this type of tumor in man. 

There is some evidence from clinical observation that the more com- 
mon teratoma of the testis in man also may have an endocrinologic 
etiology. For instance, it is a Avell-known fact that teratoma testis oc- 
curs much more frequently in men with undescended testicles than in 
the general male population. The incidence of cryptorchidism is given 
as 0.23 per cent in Army records, whereas 11 per cent of 7,000 
recorded cases of cancer of the testis oceuried in unilateral or bilateral 
cryptorchids. In a series of 203 eases of teratoma testis studied by us, 
27 or 13.3 per cent were in men with cryptorchidism. That this high 
incidence is not related to trauma to the organ in the inguinal eanal*^is 
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suufrrsti'd hy llio li'^urtN of <i’ill«Tl :m<l llnniilloii who I’oiiikI IUo of 
I'oporiotl niiilipijMit to.stcs lo he iiilr:i-:il>rioiiiii);il wlicro Ihoy could 
not h{‘ rc.'idily diunntrcd. Hlcvcn per cciil of lliosc Hdo occorrod in 
pst;ud(dii'rin:ii>lirodilcs. !i finding iIi.tI jiujiiii sinrecsis :i liornionnl ctioloiry 
for the liunor, 

Not nil tumors occurrinu in pntiejils with ci-yjitorchidism arise in the 
undcseonded testiele. In riilht'rt and Hamilton’s series, 23 of 744 
patients with unilateral cryplorehidism had the Inmor in the noi'inally 
desci'iided orjian. Six in our own series of 27 oeenia’cd in the noi-inal 
testis. That this may hajipen more frecpieiitly than is sliown by Gilbei'l 
and Hamilton’s fifrures is HUji^ested when it is considered that, their 
data were talum from eases rei)orled in the literature. 3t would seem 
lu-obablo that authors would he more a])l to mention crypt oi-ehidism 
Avhen it affected the eauecrous tes\ieie tiian Axheu it was found on the 
ojiposifc side and aiipe.'ii'cd to have no direct connection with the tumor. 

Another observation which iioints to a connection between liorniones 
and the formation of toratoma.s in men is that these tumoi's, like those in 
the rooster, arise most frequently during the active sexual life of the 
patient. Unlike other forms of cancer, in which th.e peak in incidence is 
apt to fall after the age of 45, teratoma testis oeeui's in comparatively 
young men, the highest percentago lying in those between the ages of 
35 and 39. If one comi)ares the percentage of teratoma testis in the 
various age groups with the pci’centage of living males in the same age 
group, one finds more tc.stieulnr cancers between the ages of 20 and 54 
than one would expect were they distributed uniformly according to 
the number of males in each age grouj) iii the general population. 

A third point of .some interest in this connection lies in the finding 
of abnormal amounts of pituitary hormone in the urine of aboixt 75 per 
cent of patients with teratoma, parlienlarly of the unicellular or 
seminoma type. As has heoi .shown by Hamburger and by onr own 
experience, this hormone may he excreted in the urine in fairly large 
quantities without any clinical evidence of acti\'e testicxilar tumor })eing 
demonstrable. One may try to explain its presence as clue to liberation 
of the pituitarc’ from testicular control either because of destruction of 
one testis by tumor, roentgen therapy, or operative removal, but such 
an explanation does not account for the failure of the remaining testicle 
to suppress pituitary overactivity. Certainly the removal of one ovarj^ 
in the female is not followed by the menopau.se. Why should the re- 
moval of one testiele have a different effect in the male? 

Hamburger has shown this increased output of folliele-stimulating 
hormone from the pituitary to be accompanied by a decreased output of 
male hormone as tested on the comb of the capon. Is it possible that 
this sliift in hormone balance with decrease in androgens and increase in 
pituitary gonadotropin is a primary condition which leads later to the 
formation of a malignant testicular tumor? It is obviously not possible 
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to answer sucli a question at present for no opportunity Jias arisen to 
observe a patient A^^tll such a hormonal change and to determine whether 
he later developed teratoma. 

EXCRETION OF HORMONES BY MEN WITH TESTICULAR TUMORS 
Gonadotropic Hormones . — That men suffering from testicular tumors 
may excrete large quantities of gonadotropic hormone was demonstrated 
by Zondek in 1929 and 1930, in 2 eases reported by him. It was confirmed 
the same year by Ileidrich, Fels, and llatbias and later by Ferguson, 
Downes, Ellis, and Nicholson. Because the nature of the gonadotropic 
hormones was not well understood at fir.st, certain erroi’s have crept 
into the literature on the subject and have caused great confusion. 
Ferguson thought that there was only one honnone in urine from men 
vith testicular tumors. This substance, in small quantities, caused the 
ripening of the Graafian follicles of the ovaries of infantile female rats 
or mice. “When it was injected in five times the amount which gave 
follicle ripening, coiqmra lutea atretiea were formed. Engle, and Evans 
and Simpson, among others, pointed out early that the gonadotropic 
hormone of pregnancy urine did not give the same reaction as extracts 
or implants of the anterior pituitary. However, Hamburger was prob- 
ably the first to demonstrate clearly the differences in the reactions pro- 
duced by pregnancy urine and urine from castrates or women past the 
menopause. Evans and his co-workers studied the type of hormone 
excreted by a patient with teratoma testis and came to the conclusion 
that it resembled that found in pregnancy urine in some respects and 
anterior pituitary extract in others. Fevold, Fiske, and Nathanson 
examined urine from another jiatient with chorioepithelioma testis 
and found it to give identical reactions in male and female rats, hypo- 
physectomized rats, and male and female pigeons with pregnancy urine. 
Several other workers carried out similar tests (Fluhmann, Freed, and 
klain), but it remained for Hamburger to study a number of such 
patients and find that the type of hormone present was not constant. 
Some patients excreted chorionic gonadotropin as these investigators 
had said. Some, on the other hand, excreted the castrate tjqDe of 
gonadotropin, follicle-stimulating hormone, and some excreted a com- 
bination of the two. 

As long as one thought of the hormone as of one type and produced 
bj the tumor, it seemed logical to suppose that destruction of the tumor 
would result in disappearance of the hormone. Ferguson thought his 
material warranted such a conclusion, but later workers have found this 
hypothesis to he unreliable (Twombly, Temple, and Dean), lilany 
tinnors occur, metastasize, and kill the patient without showing any 
gonadotropic hormone at all in the urine. 

It was noted by Ferguson that rmtreated tumors of approximately 
the same extent or Amth the same amount of metastases excreted varying 
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(jU.Tiititii's o£ lioiTiiniu’. lie explaincfl this hy .sayintr flint the amounl 
of hormone oxerelod depmuled upon the type of imnor ])resen( and de- 
scribed very definile levels ns clinraeferislie of A’arious histoloffic varie- 
ties. This also has proved only parlially true. Itfore extended .study 
luvs sliQvviv a tendency for the more malii>;nant embryonal adcnocaf- 
einomas and chorioepilheliomas to excrete lartre fjiiantilies of the 
ehorionie fyjie of ^onadolrojiin : but man.v e.xeejitions are found, wide- 
spread adenoeareinoina showiufr very little or no hormone, while .some 
embryonal carcinomas (seminomas) show larere amount.s. 

llamburirer. Bane, and .N'iel.son also made an attempt to correlate 
"onadotropic liormouc excretion Avilh the histologic appearance of the 
tumor but laid the emphasis on the type of the hoimione rather than the 
amounl. They divided their ea.ses into mixed cpitlielioma, .seminoma, 
and polycystic teratoid mixed tumons, and maintained that the first Avas 
radioresistant and cxercied the ehorionie t.A-pe of gonadotro])in Avhile 
the second and third excreted the castrate ty])c, folliclc-stiraulating 
hormone. Seminomas excreting follicle-stimulating hormone.s Av'ere 
radiosensitive. 

Hamburger admits that in 75 cases of testis tumor, he found 2 classified 
histologically as seminomas Avhich nevertheless excreted large amounts, 
1,000 and 50,000 M.U. per liter, of chorionic gonadotropin. These he 
labels p.seudoscminoma ; that is, they AA'erc tumors histologically of the 
unicellular type Avhieh behaved clinically and bormonoiogically like the 
mixed epithelioma type. He also lists 4 out of 21 mixed epitheliomas 
AA'hich excreted no honnone or onl.y traces. 

Recently Furuh.jelm, stud.A’ing the type of liormone excreted in 65 
cases, has found this discrepancy also. Of 29 seminomas, 7 excreted 
no measurable hormone, 12 follicle-stimulating hormone, 5 chorionic, 
gonadotropin, and 4 both types of gonadotropin. Of 7 malignant mixed 
epitheliomas, 6 excreted ehorionie gonadotropin and one tlie castrate 
tAT^e of gonadotropin, follicle-stimulating hormone. 

In our OAvn laboratoiy, since 1936, AA^e have attempted to distinguish 
the tAvo types of hormone in all cases assaAmd. In these five and one-half 
Amars there have been 135 patients on Avhom complete clinical records 
are available. Of these, 65 are knoAA'ii to haA^e had actiA'-e tumor at the 
time at least one of the tests Avas run. ThirtA’'-eight cases shoAved 
ehoi’ionic gonadotropin. Of these, 10 AAmre repoz'ted Ija^ the pathologist 
as embryonal adenocarcinoma, and 7 as choi'ioeijithelioma, tumors in- 
cluded under the name mixed epithelioma bA'' Hamburger. Nine cases 
Avere embryonal carcinoma or embryonal carcinoma Avitli lATOphoid 
stroma (semmoma) . In 7 there Avas no pathologie report. Two sboAved 
complete destruction of the tumor by x-ray before it Avas remoA'ecl for 
pathologic study. Three cases sIioAA'ed mixtures of seminoma and em- 
bryonal adenocarcinoma. 
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Ei»li1eeii ca.st's showed follielc-sliniulaliii'i liornioiie only. I'wo oL’ 
these wei-e ehorioepitheliomas, 7 wei-c seminomas, 2 had no pathologic 
report, 3 were completely de.stroyed l)y x-ray bet ore ]-emoval, 3 were 
adult C 3 'stic teratomas, and 1 was a mixture ol seminoma and 
embiwonal adenocarcinoma. No case ol pure embiwonal adenocarcinoma 
was found exci'Cting the castrate tj'pc of gonadotrox^in onl.v. 

Finalh", there were 7 eases in Avhich no demonstrable gonadotropic 
hormone was excreted (below 50 to 100 ^LU. per daj') . These included 
1 case of embiwonal adenocarcinoma, 2 seminomas, 1 ndth no pathologic 
report, and 3 showing complete x-raj’ de.struetion. 

Our experience, then, confirms that of Furulijelm — that one cannot 
tell surely the histologic tj'pe of the tumor by tlie t^'pe of gonadotropic 
hormone found in the urine. In this respect we disagree with Ham- 
burger. However, in general all agree that the chorionic t.vpe of hor- 
mone is more typical of embiyonal adenocarcinoma or ehorioepithe- 
lioma (mixed epithelioma of Hamburger), while the castrate tj'pe of 
hormone is apt to be associated with seminoma (with frequent excep- 
tions) . 

One point is worth noting in our material. That is llial manj" of the 
135 patients not included among the 65 laiown to have tumors when 
ui'inary tests Avere done Avere patients treated by orchieetonn’ clscAA'Iiere 
and sent to us for prophylactic irradiation of the lA'mpli node drainage 
areas. Slanj- of these slioAA'ed the castrate type of hormone. Un- 
doubtedlj" a number had active metastases from a seminoma AA'hich never 
appeared clinically because of the radiosensitivin. of this tamor and its 
consequent destruction. In all probabiliti' the nmnber of seminomas 
associated AA'ith the castrate tj-pe of hox-mone should be higher than our 
figures indicate. 

lYlien one examines the histologic preparations of these tumors, the 
types of tissue that one sees are so different that it is liard to free oneself 
of the idea that the chorionic tj’pe of hormone must be elaborated bj^ one 
special tj'pe of tissue. The frequent association of high titers of 
this hormone noted by Hamburger, Furulijelm, and us AAdth em- 
biyonal adenocarcinoma sugge.sts more than a chance occurrence. It is 
mj" oAvn theory that the explanation for the discrepancies in Avhich 
seminomas are associated Avith the pregnane^- tA-pe of hormone is to be 
found in the fundamentallj- teratoid nature of all these tumors empha- 
sized Ida- Ewing. Four cases mentioned previousl.v are of especial im- 
portance in this regard. These are the ones in Avhich both tAqies of tumor 
were found in the same testis. Often, the tAvo types of tissue lay 
side by side in the same section, separated by onW a thin fibrous septum. 
Testicular tumors are often large, and it is the accepted patholoo-ic 
custom to take a fcAv small representative sections from such a tumoiHn 
routine work. If the aa-IioIc tumor aa'ci-c fixed and studied by large serial 
sections or many small sections, it is our belief that the correlation be- 



TWOMIll.V; Ki;i, VTK'N'^nil’ Ul' IKiKMIoNKS to TKf^TJCUI.AK TUMOKS ]ST 


twcon liie ])ri'seiKT' ol' clioi'ioiiif sitinadolroiiiii in the urine and embryonal 
adonocarcinoniatons tissue in the tumor would be much elosei-. 

Prorinoslic }<i(j)tificanrc of (htnoilul mitic Ifonnotirs: Zondek ])oinled 
out in l!b5r> that any marked increase in excretion rale of ])rolan par- 
ticularly of ))rolan H is an unfavoraliie siiin and usually indicates 
melastases. The urine in 12 eases be studied showed eor])us luleum 
formation in the test mice in 5, either with fresh urine or wJien eonecn- 
trated. Three of these were <lead when he wrote and the other 2 wei'c 
not followed. 

Hinman. who still fails to diffm-enliate dilferenl tyjies of s:onadoti’oi)ic 
hormones in teratoma urines, almost echoes Zondek in Ins latest article 
in which he .says, “If is our ex])erienee that all of these patients with 
abnormal amounts of hormone in the urine have a jioor prognosis and 
that most of them ilie of cancer willim a year reeardle.ss of roenlgeno- 
theraj)y. ” 

Hamburger makes a veiy clear distinction between Ibo two tyj^es of 
hormone fi-om the iioint of view of ju-ogno.sis. Jfe believes that the 
chorionic type is made by the tumor beeau.se this material has the same 
biologic properties as the hormone found in pregnancy urine which is 
thought to come from the jtlacenta. A second argument for the origin 
of the hormone in the tumor is that there is a large amount of hormone 
in the tumor tissue and little or none in the pituitary gland. Finally, 
there seems to be a close relationship between the amount of hormone in 
\bc vn'me and the amownt of active tvmov tissue present in tl\e patient’s 
body. To this we might add a fourth olrservation ; that we have never 
observed this type of hoianone in male urine except when tumor tissue 
was known to be pre.scnt or later proved to be so. Hamburger points 
out that the presence of this ty])e of hoi'inone is associated with a 
radioresistant type of tumor. “In all ca.ses which have been under ob- 
servation for a sufficiently long time, there have developed metastases, 
I’esistant to x-ray treatment, and all the patients died in a comparatively 
short time. ’ ’ 

Fui-uhjelm agrees with this statement. In his own cases, 14 showed 
chorionic gonadotropin in the urine, of whom 6 Avere alreadj' dead 
at the time of his report, 4 living Avith metastases, and on 4 there aa^s no 
note of their clinical condition. 

AVe have found Hamburger’s contention most correct in our OAvn 
series of 135 cases. First, in no case AA'as chorionic hormone present 
Avithout actiA^e tumor. A^^e believe AAuth Hamburger that this hoimone is 
a product of the tumor tissue itself and this is further eAudenced by 
one patient aa'Iio shoAved large amounts of hormone on his first test, AAdiich 
disappeared at once after orchiectomy. There have been 38 patients Avho 
shoAved this hormone and of these, 32 are dead. Four are still alive AAuth 
active disease. The 2 remaining az’e alive and ai^ijarentlA’- free of disease. 
One is the patient mentioned previously, CAired by simple orchiectomy; 
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the other has received a great deal of x-ray tlierapy and has stayed 
Avell for the three years preceding this report. The liormone in liis 
urine has changed from small amounts of chorionic gonadotropin to 
moderate amounts of follicle-stimulating hormone. 

Hamburger points out that the casti’ate type of hormone may be 
present vith no evidence of aetiye tumor and that it does not vary 
in amount -with treatment of the tumor or extension of the cancer. 

Again our experience is in complete agreement vith this finding. In 
fact, it vas the clinical observation of several patients who were excret- 
ing 1,000 j\I.U. of hormone per day, although they had been clinically 
free of cancer and without treatment for several years, wliich first drew 
our attention to the value of differentiating the types of gonadotropin. 

Methods of Differentiating Gonadotropic Hormones of the Castrate 
From the Chorionic Type: llany different methods have been used to 
differentiate the different tAqoes of gonadotropin. The more practical 
ones are open to the objection that they use intact animals in which the 
action of the animal’s ovm anterior pituitary may play a part. It has 
been pointed out by Hinman that only in h\T3ophysectomized animals 
is this objection ruled out. If one gives castrate urine extract to a 
young hj’pophyseetomized female rat, marked follicle ripening in the 
ovaries is brought about. Chorionic gonadotropin, on the other hand, 
causes merely a luteinization of the theca cells and, at least in small 
doses, no follicle formation. Such animals have been used in testing a 
few individual urines from patients with testiciilar tumors (Fluhmann, 
Fevold, and other’s). These have been patients excreting chorionic 
gonadotropin in large quantities. No investigator has used hAqrophy- 
sectomized animals roirtmely because of the difficulty in obtaining such 
test animals in any qirantity. 

Various types of birds may offer means of differentiating gonadotropic 
hormones. For instance, the common English sparrorv in the eclipse 
plumage of the fall and Avinter responds by blackening of the bill to 
pitiritary hormones but shows no such reaction to pregnancy urine, 
ilale African weaver birds show blackening of the Avhite breast feathers 
on injection AAuth luteinizing hormone from the pituitarj-^ but not from 
follicle-stimulating hormone. Hamburger has used infantile cocks very 
successfully in differentiating hypophyseal from chorionic hormone. 
Again Lahr, Biddle, and Bates have shoAvn increase in the Aveight of the 
testis in doves or the OA’^aries of pigeons from pregnant mare serum or 
anterior pituitai-j' extract, an effect not produced by pregnancy urine. 

Fevold has reported quantitative extraction of chorionic gonadotropin 
by tricresol, and de.struetion of the folhcle-stimulating hormone of 
castrate urine by the same process. 

The most practical method of differentiating the hormones is bv the 
AAse of infantile female rats and mice. In these animals there are a 
number of differences Avhich alloAv one to tell Avhieh hormone has been 
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injoctcd. I'lio most ohvioiK :nul eiisiosl i.s tlic (lirrcroiice in llic 
imirplioloiry of llio ovjiry ilscif and for tin’s ])urposc inico arc .sn])erior 
to rats since lilllo sponlaiK'iuis riixMiinir occurs in animals under 9 Gm. 
in weight. Pregnancy urine iriven in dilutions .just strong cnougli to 
give a positive reaction will cau.sc tlic maturation of one or tAVo large 
Graafian follicles. Ahanr with this one sees a hallooning of the nterus 
with watery fluid. Larirer doses result in the formation of one or many 
corpora lutea atretiea. Someliiin's this i-eaction is aecom])anied by 
Zondek's reaction 11. the formation of corj)ora hcmorrJiagica. 

Castrate urine, on the other hand, ean.se.s the ripening of many or all 
the follicles ])re.sent. Kitlier no corpora lutea arc formed or only with 
very high do.sage. AVhile in borderline eases it may he hard to distin- 
guish the two tyjies of reactions, wlicn one has looked at a few examples 
of each, it i.s .surprisingly ea.sy to di.stiinruish them in most instances. 
This is ])articularly true if sets of ovai'ie.s from animals injected at 
different levels arc available for histologic study. The uteri of animals 
injected Avith castrate or meno])ansal Airinc are hj’pertrophicd but not 
dilated. 

A fcAV cases have been described in AA-hich the urinary gonadotropin 
resembled that found in pregnant mare serum. The presence of this 
tjim of hormone is characterized by the typical picture in the ovary 
produced by castrate urine Avhen a small dose is given. HoAvevei’, AA'hen 
sliglitlj' larger doses are giA'cn, multiple corpora lutea appear. That 
this gonadotropin is a mixture of the chorionic A\-ith the eastrate tj^pe, 
and not identical Avith pregnant mare serum hormone, has been demon- 
strated by injecting it into rabbits. Mare serum hormone so treated 
is either destroyed or excreted in A'cry small amounts. The substance 
produced by these rare cases of testicular tumor Avas excreted in amounts 
of 20 per cent of the injected total. 

Chorionic gonadotropin may be distinguished from follicle-stimulating 
hormone in another Avay. If increasing doses of pregnancj' urine are 
given to infantile female rats 26 to 28 days old and the ovaries Aveighed 
after 100 hours, the ovarian AA^eights Avill be found to increase very sloAAdy 
until doses in the neighborhood of 10,000 times the minimal effective 
dose are reached, Avhen there Avill be a sharp rise. Castrate or meno- 
pausal urine gives a sharp, prompt rise to maximal Aveights Avith doses 
of onlj^ tAvo to four times the minimal effective dose. Many urines from 
teratoma of the testis have been studied in this Avay by constructing 
dose response curves Avith infantile female rats. In all eases those shoAv- 
ing the chorionic type of follicle ripening and corpus luteum formation 
have given curves identical Avith pregnancy urine gonadotropin, Avhile 
those shoAving follicle-stimulating hormone by mouse ovarian mor- 
phology have given the menopausal type of rat ovarian dose response 
curve. 

There is another differentiating reaction betAA'een the tAvo types of 
hormones in human urine, and that is the relative sensitivity of the rat 
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md the mouse lo eac-Ji. When ehorionie goiiadoli'opin is ])reseiit in 
the xiriue, the infantile female rat is about five times moi'o sensitive than 
the infantile mouse, whereas the production of estrus with follicle- 
stimulating hormone from ca.strate or menopausal urine requires two to 
three times more hormone in the case of the int than in the mouse. This 
last reaction has been used very little to distinguish these .substances 
from one another. 

In our own laboratory Ave have confined our efforts in distinguishing 
the hormones to the morphologic differences they produce in the ovaries 
of infantile female mice, 21 days old, weighing 7.5 to 9 Gm. These 
animals are injected in lots of 6, each animal receiving a different 
quantity of fresh urine or alcohol concentrate as folloAvs: Three are 
injected with 0.1, 0.2, or O.-l e.c. of fresh urine on each of five occasions 
within forty-eight hours. The other 3 receive similar amounts of a 
x5 alcoholic concentrate. This is made by precipitating 10 c.c. of urine 
with 200 c.c. of 95 per cent ethyl alcohol, collecting the precipitate, 
washing twice Avith ether, drying, and redissolving in 8 e.c. of Avater. 
The animals are killed at 96 to 100 liours and the oA'arics examined 
grossly for follicles and corpora lutea. If cither are found in any 
animal, groups of 5 mice ai'C injected Avith the loAvest quantity pro- 
ducing the original reaction, one-half this amount, and double the 
amount. That is, the reaction is checked on groups of 5 animals at, 
aboA’e, and beloAv the original test dose. The ovaries of this set of 
animals are fixed, sectioned, stained, and studied under the microscope. 
We haA-e noticed that the formation of corpora hemorrhagica occurs only 
in the OA'aries of animals injected with urine containing the chorionic 
type of gonadotropin, at least in our experience. 

EXCRETIOX OF ESTROGENS BV .AfEX AVITH TESTICUL.AB TU-AIORS 

Hamburger iiiA'estigated the estrogenic excretion rate of 23 men Avith 
testicular tumors. Of these, 10 had seminoma, of Avhom 9 shoAved normal 
rates and 1 a slightly increased amount. One pseudoseminoma shoAved 
increased amoiuits of chorionic gonadotropin and slightly elevated estro- 
genic excretion. Of 8 mixed epitheliomas, 1 showed no estrogens, 2 were 
nonnal, 3 moderately elevated, and 2 markedly elcA-ated. There Avas a 
direct correlation betAveen the amount of chorionic gonadotropin and the 
increase in total urinary estrogen excretion. The 3 highest estrogenic 
values Avere in urines containing more than 100,000 IM.U. of chorionic! 
hormone per day. 

Ill our OAAH laboratoiy only one patient lias lieen studied for his 
estrogenic excretion rate. This man had a Avidespread chorioepithelioma. 
arising in the testis, Avith Avell-marked gynecomastia. He .shoAved veiw 
raarked elevation of urinary e.strogens over normal men. 

The suggestion immediately presents itself that the tumor itself is 
responsible for the production of e.strogens as Avell as gonadotropin and 
that the increased estrogen titei-s are directly related to the gynecoma.stia 
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■st'iTi in with wi(l(‘.''pr('iul jiflivo (iiscjiso. jrowevor, Ihci’c seems to 

he anotlier lyjie of iryneeimiasliji whicii oeetirs in jialienls M’illi no evi- 
(leneo of hnnior, possibly as a In-micast ration effect. Gynecomastia 
lias often been thonirlit a bad ])rounosti<' siirn, and tin's is undoubtedly 
true when it is assoeinted with Idub eborionie p:o]iadotroi)in, but in 6 of 
the 12 easf.s observeil by ii.s. there was no such correlation and the 
patients did well. 

In contrast to our own tindinirs and those of Ilamburiici' are those of 
Smith and Smith, who found low urinary estrin levels in 4 eases of 
ehorioej)itbelioma. 2 in men and 1 in a woimui. 

i.-.xcrn.'no.v or PKocirsTi.Tfo.vi; nv mi:s with Ti:.sTictm.n{ th.mok.s 

As far as wo are aware, the only ])alient studied for this po.ssible 
excretion of prowsterom; or its metabolic jiroduet. prcirnandiol, is one 
seen in our own laboi-atory. This man. with a eboriocjiitbclioina of the 
tesfi.s, was found to excrete from 10.:") to 16.;") nnr. per forty-eiijbt Iiours 
of a substance identified by its meltin<r point and mixed nieltinsi: points 
as probably free preirnandiol. 

KXCKicTio.x or .wnnooK.v.s hy .mk.v with thstici'i-vi? tujiohs 

Because be found no evidence of a deerea.sed estrogenic e.xcvction rate 
wbicli might account for the inerca.sed output of the castrate type of 
gonadotro])in in 7o jier cent of the jiatients witli seminoma, Hamburger 
sought for a deerea.sed testicular function as determined by a decreased 
male liormonc excretion in the urine. In this be was succe.ssful. Of 
19 cases of seminoma in Avbich urine was assayed by direct application 
of a urinary extract to the combs of white T;Cgborn capons, 15 sliowed a 
moderate to marked decrease in total biologically active androgens. The 
average excretion rate for all 19 was 10 I.U. per day as compared with 
50 I.U. for normal young and middle-aged men without tumors. Twelve 
other men with tumors causing the excretion of chorionic gonadotropin 
were tested, of whom one-half bad normal androgenic values. The other 
6 were below normal. He suggests that the formation of a large quantity 
of chorionic gonadotropin maj’' stimulate the other testis or the adrenals 
to the production of male hormones and so explain the difference in out- 
put between the two types of tumors. Hamburger thinks the low output 
of male hormone is due to damage or removal of tlie affetced testis, and 
that this in turn releases the pituitary which puts out the increased 
amounts of follicle-stimulating hormone found in the urine. As pointed 
out in the early part of this article, one may consider these changes 
as the cause rather than the result of the tumor. 

In the case previously referred to and assayed for male hormone by 
the colorimeti’ic method of Callow, a high normal (24 mg. androsterone 
equivalent per 24 hours) was found while the biologic activit.y of this 
material tested on the chick comb was low (3.1 mg. androsterone equiva- 
lent per 24 hours, 31 I.U. — normal = 20 to 100, average 50 T.U.). 
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THE TKEATJIENT OP TESTICULAR TUMORS WITH HORMOXES 

As far as we are aware, our owui liave been the only efforts along tins 
line of therapeutic endeavor. The first possibility that presented itself 
was the administration of an antigonado tropic hormone. We were 
supplied" with some highly potent antigonadotropic goat sera. These 
were administered to 2 patients with high tilers of chorionic gonado- 
tropin in the urine, in the expectation that the amount of hormone would 
fall. Instead, it rose. 

Similar attempts were made with pi’cgnancy and placental blood sera 
in another case, since several authors believed this fluid to contain sub- 
stances antagonistic to the growth of chorionic ii.ssue. Again there was 
a rise in hormone titer, and it was possible to show that this rise and that 
observed with goat serum were both probably nonspecific serum reac- 
tions. 

Lately, Huggins’ work on cancer of the prostate has awakened the 
hope that changes in hormone balance may give regressions in eancers 
of endoerine-controlled organs. Large doses of estrogens in animals pro- 
duce testicular atrophy. WiU they do anything to testicular tumors? 
So far we have tried it on 2 patients without any clear-cut success, but 
in neither ease was the administration continued lo)ig enough. The 
possibilitj' still remains that this or some similar form of therapy may 
be effective. 


SUMMiVKY 


1. Teratoma testis has been produced in the fowl by the injection of 
zinc or copper salts when the testis Avas simultaneously stimulated bj' 
the animal’s OAvn or injected hoimones. 

2. Leydig cell tumors have been produced in mice Avith estrogens. 

3. CCTtain facts about teratoma testis cases in man suggest an 
endocrine ^lology. These are the frequent occurrence of teratoma in 
pa lents suffering from cryptorchidism or pseudohermaphroditism, occa- 
sionally in the descended testicle, the high incidence of this type of 
tuinor during the period of greatest sexual activity, and the finding of 

igh levels of the castrate type of gonadotropin, follicle-stimulating 

androgenic hormones in the urine of patients 
nliin ® cancel, particularly seminoma. These last-mentioned 

activftumor "dependent upon the presence or absence of 

testicular 

the o'onadL^^^- ° ° gonadotropin identical Avith 

siaaiL “ 

♦Through thp kindness of Dr A. .S Parke.<5. 
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teratoma, but certain observations sugjiest tliat it may be produced by 
the tissue spoken of as embryonal adcnocareinoma and tlial Avben it 
a]i])cavs in eases of seminoma, this is a furtlicr proof of the essential 
teratoid nature of all such tumoi-s-. It is likely that the other type of 
tissue M’ould be found to bo iiresent were a Ihorouirh search of all can- 
cerous tissue present in the body to be made. 

G. The presence of chorionic •ronadotropin in the urine usually means 
that the tumor will be radioresistant and t!\e ]ialicut will die in a short 
time. Thirty-two of 38 such patients in our own scries are dead. ]'^ur 
are living with metastases. Only 2 arc apjmrenlly cured. 

7. Chorionic gonadoti-opin can be distinguished from follicle-stimulat- 
ing hormone by its action on the ovaries of hy])ophysccfomized female 
rats, by its failure to act in certain birds, by its different properties 
when mixed with tricrc.sol, and by the difference in histologic ijicture 
and in ovarian weight when it is injected into infantile female' rats 
or mice. From a jiractical laboratory point of A’iow, the two hormones 
are mo.st ca.sily di.stinguishcd by the differences in the histologic ap- 
pearances of infantile mouse ovaries when the animals have been in- 
jected with fresh or concentrated urine. 

8. Tho.so teratomas which produce large quantities of chorionic 
gonadotropin also seem to excrete abnormally high levels of estrogens. 
Tlie 3 ' maj' e.xcrcte pregnandiol. 

9. Teratomas of the testis, cspeciallj'’ those classified as seminomas, are 
apt to shoM' veiy low levels of biologieallj’' active androgenic hormones 
in the urine. 

10. The testicular tumors would seem to offer a tempting field for 
possible therapj' by hormone administration. 



ADIIKNAL CORTICAL TUIkLORS— PIiySTOLOGIC 
CONSIDERATIONS 

Allan T. Krnyok, M.D., CiiiCAttO, Ilt.. 

(Fiom the Department of Medicine, Vniverkity of Chicago) 
JNTUODUCTIOX 

""pIJE student atleinptin'i a systcmalic exposition of liie means by 
1 which adrenal cortical tumors disorganize tlie physiologic economy 
of their hosts is thinking and often guessing well before his ]n’6per time. 
The (lata he must deal with are still fragmentary and often incongruous. 
Ilis dubious recompense lies in the circumstance tliat he may cherish his 
favorite speculation for a long while before yielding to the hai'd, new, 
incontrovci’tiblc fact. 

For a generation or more the arre.sting transformations of the human 
body induced by the secretions of these tumors have been known in some 
detail and have transcended experimental cx])erienee. It had never been 
possible until recently to secure an adrenal agent of such ])urity and po- 
tency that its effects in heavy, pi-otracted dosage in animal and man could 
be compared with the phenomena seen in patients. Indeed large 
amounts of life-sustaining adrenal extracts were so well boi’iie by 
animals that little support accrued to any notion tliat excessive amounts 
of normal adrenal “liormone” would prove disadvantageous. Further- 
more, it was never possible to contrast sujjrarcnal failure as seen in 
Addison’s disease with presumed hyperadrenal states in a sufficiently 
clear and uncom])licated fashion. The diversity and the bizarre char- 
acter of the defects in the victims of adrenal tumors were far too great. 
Accordingly, no theory conceiving of one as due to the deficiency of a 
single hormone and the others as due solely to the excess of that same 
hormone has been seriously entertained. The clinical expi-essions of 
adrenal hyperfunetion remained mysterious ])henomena beyond experi- 
mental realization and at the limits of speculative grasp. 

During recent years, however, progress in steroid chemistry has per- 
mitted the isolation of a multitude of comijounds from the adrenal 
cortex, the chemical characterization of many, and tlie partial synthesis 
of a few. The physiologic properties of these substances are often so 
different that it has seemed hardlj' likely that any one of them can repre- 
sent ilic adrenal hoimonc.’’ ■ In any event, the mere presence of numer- 
ous compounds with various propensities introduces the possibility that 
each m ay contrihulc in its own special manner if discharged to the 
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(U->;ai\isiu hy a tumor. Familial relationships hetwocn adrenal eorlieal 
steroids and those from the gonad.s, indeed the pi’c.senec of .sevei'al .se.K 
hormones in the adrenal eortex, liavc served to make the intei'inixturc of 
sexual and nonsexual symptoms in adrenal disoi'ders more compre- 
hensible. The Avay is now open for the systematic study of the oh’ect.s of^ 
exee.ssive amounts of adrenal derivatives with the expectation that 
many of tlie manife.stations of adrenal tumors can be reproduced with 
acceptable veri.similitudc and with justice to the variety of disease. 

I intend to outline this pattern of contemporary rc.searcii hearin" up- 
on adi-onal liypcrfunction, and to interpret the sifrns and .synpdoms of 
the victims of adrenal cortical neojdasia in terms of the properties of 
adrenal stei’oids and tlieir chemical relatives in so far as I can. Such 
interpretations will inevitaldy be tentative, clum.sy, aTid often erroneoii.s, 
as much decisive work lies in the future. 

Tin: NATUKK OF THF, COMFOUXD.S ISOIiATICD FKOM TIIV; AnRICXAI. CORTF*X 

Tile greater part of our knowledge of the cliemical nature of tlie 
steroids obtained from the adrenal gland is duo to the work of Keiehslein 
and his associates in Switzerland; Ivendall, Mason, Wintersteiner, 
Pfiffner and their associates in this country and Beall in England. The.se 
developments have been fully treated in the reviews of Reiehstein and 
Shoppee- and Pfiffner.-’’ These and several accounts by KendalP> 
give much detail concerning the relationships between chemical struc- 
ture and biologic response. Long’s review' is especially valuable for 
its analysis of the effects of cortical com])ounds on carbohydrate and 
protein metabolism, and his article with Katzin and Pry® for an analj'sis 
of the comparative roles of the adrenal cortex and the hj'pophysis in 
carbohydrate metabolism. Ingle’s review," chiefly of biologic response 
in general, is well designed to stress many of the infinite number of 
incompletely answered questions in adrenal physiology. These accounts 
will be drawn on heavily in the following. 

Twenty-eight steroids have now been isolated from the adrenal gland 
and the structure of all but one determined with considerable certainty.- 
The majority of these, including all possessing properties in any way 
distinctive of adrenal cortical function, sliare tlie 21-earbon skeleton 
typified by allo-pregnane (I) or 8-4 pregnene (II). Biologic activity of 
adrenal character has been most clearly ascrilied to tliose members of tlie 
latter series bearing a ketonic group at carlion 3. By virtue of the side 
chain attached to carbon 17 the compounds with properties distinctive 
of the adrenal cortex are closely related to progesterone (III), and 
differ thereby from the typical androgens and estrogens, as illustrated 
by testosterone (IV) and estrone (V). Indeed, progesterone itself has 
been found in the adrenal and beai-s an intimate functional relationship 
to the more characteristic adrenal steroids in that it will, unlike either 
androgens or estrogens, protect both rat and ferret against death after 
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adrennloeloniy wlion "ivon in .siifruMcnt dnsafio. No jdaco tor ))rou:os- 
lerono as an adrenal seeiTlion. however, has as yet l)een found. Tlie 
remainder of the adrenal slei'oids eapahle of repairintr suprarenal in- 
suflieiency in the ordinary sen.se .seem devoid of ])rofreslalional. andro- 
genic, or estrogenic ]iroiuM'ties to a material, functionally simiificant de- 
gree as far as is now known. Instances exist, a.s in the ])roirestational 
ell'ccts of large amounts of dc.soxycorticost crone, in Avhich a typical 
gonadal influence may be simulated. Siieh reactions may rerjuiro con- 
sideration in some future interpretation of the respnn.se to large amounts 
of secretion delivered b.v noo])lasm.s. For the time being they have not 
entered into physiologic ealeulations, Oertain other influences of flic 
.steroid hormones, notably the induction of .sodium, chloride and water 
retention, and the depre.ssion of thymic growth, are .shared, at least to 
.some extent, by gonadal and typical adrenal steroids and do require. de- 
tailed assessment in the interpretation of normal ]n’ocesses. They rep- 
resent physiologic retlcelions of the chemical consanguinity between 
adrenal and gonadal hormones. 

Most of the compounds isolated from the adrenal cortex have been 
assayed b.v some test indicative of adrenal insufticienc.v. By such tests, 
several of the pure steroids, a.s for example, allo-])regnane 3jS 11/8 11/3 
20 (?) 21 pentol (VI), have been inactive. The review of Eeichstoin 
and Shoppee describes these compounds in detail. J’'or the present, one 
is disposed to regard them as progenitors or derivatives of the true 
adrenal secretions, seeking I’olcs for them somewhere in the intrinsic 
metabolism of the gland itself. As will appear subscqumitly, however, 
many phenomena appear in the victims of adrenal tumors which are not 
as yet fully accounted for by properties of the adrenal steroids now 
deemed biologically active. Further examination of the supposedly inert 
compounds in the light of such phenomena must be undertaken. 

Desoxycorticosterone (VII) which differs from progesterone (III) 
only in the presence of an alcohol group at carbon 21, has been isolated 
from the adrenal itself,- but appears to be present in such small amounts 
as to be often undetectable.^ This fact while creating a presumption 
against its being a hormone is not conclusive. The partial synthesis of 
this compound by Steiger and Keichstein has made it available for 
physiologic and clinical stucty in adequate amounts. It is used, thus, 


Figr. 1. — ^Adrenal steroids and related compounds. Enumeration of tlie carbon 
atoms given for II, 5-4 pregnene. Stereoisomerism indicated by dotted or straight 
lines according to the conventions discussed by Reichstem and Shoppee. The attached 
methyl groups are given only for I and II. Otherwise, point of attachment is in- 
dicated by straight lines at the junction of two rings. 

I Allo-pregnane IX Dehydrocorticosterone 

II 6-4 pregnene X 17-hydroxy-ll-dehydrocorticosterone 

III Progesteione XI 17/8 hydroxyprogesterone 

lir Testosterone XII Adrenosterone 

V Estrone XIII Androstenedione 

VU Allo-pregnane .3/S 11/3 17/S 20 (?) XIV Androsterone 

21 pentol XV Dehydroisoandrosterone 

VII Desoxycorticosteione XVI Etiocholan 3a ol 17 one 

VIII Corticosterone 
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largely as the acetate. Its most dramatic effects are upon electrolyte 
and -water metabolism. It corrects the urinary loss of sodium, chloi'ide, 
and water and the retention of potassium, characteristic of suprarenal 
insufficiency in several species.’"’ ” 'While such renal influences are 
readily measured and are of great im])ortance to the organism, less well- 
defined modifications of the internal distribution of these electrolytes 
and water are not to he ignored. Since perversions of electrolyte and 
water metabolism are fatal to mo.st animals whose salt intake is limited 
and who are not otherwise suh.iectcd to sijecial stress, desoxycorticost cr- 
one or its acetate is most effective in maintaining the lives and apparent 
health of such animals. Indeed, Kendall estimates that as little as lo 
micrograms per kilogram per day will suffice for the adrenalectomized 
dog. Thom and his co-workers’- find that patients with Addison's dis-’ 
ease may need from 1 to more than 10 mg. of the acetate per day when 
injected intramuscularly in sesame oil, the vast majority requiring from 
1 to 5 mg. per day. Only 60 per cent of this amount is necessary when 
the steroid is absorbed more slowly from subcutaneous crystalline im- 
plants. In contrast to this, corticosterone (VIII) is required by the dog 
in amounts of approximately 100 micrograms per kilogram per day and 
is distinctly less effective than desoxycorticosterone acetate in reducing 
urinary sodium and chloride excretion in man.’-'’- The feebler effects of 
corticosterone and dehydroeorticosterone (IX) on electrolyte excretion 
are qr;altitatively like those of desoxycorticosterone, however.’" It 
should be mentioned that little experience with esters of corticosterone 
has been acqvured. 

De.spite its efficiency in maintaining the lives of adrenalectomized 
animals under the protection of the laboratory, desoxycoi'ticosterone 
fails when certain specific stresses are placed upon the organism. Among 
the best understood of these stresses are those that bring out defects in 
carbohydrate metabolism which are imperfectly realized in the pro- 
tected state. Several steroids obtained from the adrenal gland and 
having in common an oxygen atom on carbon 11 will efficiently correct 
these defects in carbohydrate metaboli.sm. These compounds, cor- 
ticosterone (VIII), dehydroeorticosterone (IX), I T-hydroxycorti coster- 
one (X), and 17-hydroxy-ll-dehydrocortico.st crone (X) are commonly 
identified in this co\intry by letters given them in Kendall's laboratory. 
In this sequence these are B,A.F, and E. Reichstein ’s lettering" dif- 
fers and should not be confused with that of Kendall. As judged bv 
isolation procedures which, of course, may err, A and E are most abun- 
dant in the gland (340 and 330 mg. per 1000 pounds respectively) while 
B (180 mg.) and F (less than 100 mg.) are less abundant, according 
to Kendall.-’ Resembling desoxycortico.steronc in the presence of 
ketones at carbon 3 and carbon 20, a double bond at 4 to 5, and an 
alcohol groitp at 21, these fonr substances all differ from it in the pres- 
ence of the oxygen at carbon 11. This feature has thus far seemed to })e 



KKNYON : 


ADliKXAL rOHTlCAI- TU.MOKS 


1 !)!) 


(locisivc i'or inlhuMici' uiioii <‘!irboliydr;ite moliiijolisin inid to hnvo re- 
lorded the synthesis of lliose steroids. 

Tile steroids inllueneinir earhohydrate nielaliolisin apjiear to do so liy 
inereasin^ llie rate of ^lueoneojrenesis from jirotein and oilier percunsors 
when this is neee.s.sary and hy infhioncinjr the rale of disiiosal of glucose.' 
The relative imjiortanee of these two proee.sses varies with exjieriinental 
conditions. Much is ohseure eoneerning the ]irceise site of action of 
the.sc substances and the e.xtenl to which fat iiiclabolistn is involved. 
Tn any event the deidetion of glycogen stores and appearance of hypo- 
glycemia during fasting in the adrenaleclomixed animal are ])rcvenled, 
the equisite .sensitivity to in.sulin is abolished, and phlorhizin and pan- 
creatic diabetes are permitted their conventional evolution. The fatiga- 
bility of electrically excited muscle in Ingle's tc.st procedure is made 
more nearly normal in the adrcnaleetomizcd rat. by the intravenous 
infusion of glucose or by steroids with an oxygen on carbon 11. In the 
prevention of vascular collap.se induced by intestinal manipulation as 
described by Swingle and his associale.s,’^ the favorable effect of 
11-oxygen compounds may depend more upon obscure benefits ac- 
cruing to tlie intrinsic metabolism of the vascular .system than upon 
the availability of circulating glucose. Similar situations may well ex- 
ist elsewhere. In none of these instances does desoxycorticosterone seem 
to repair the defect due to adrenalectomy. In so far as the limited sup- 
ply of the proper cortical steroids has permitted study in man, the 
data of Thorn and his as.soeiates,’“ using cortical extract, corticosterone, 
and 17-liydroxy-ll-dehydrocorticosterone to correct anomalies of carbo- 
hydrate metabolism in Addison’s disease, are consonant with work in 
lower forms. Corticosterone is a relatively weak agent, the effects of 
85 mg. being much less clear cut than those of 33 mg. of 17 hydroxy-11- 
dehydrocorticosterone. 

Thorn and Clinton’® later provided a more complete analysis of the 
effects of 33 mg. of 17 hydroxy-ll-dehydrocorticosterone (compound E) 
in a patient with both Addison’s disease and diabetes mellitus, a patient 
who interestingly enough could maintain a higher blood sugar level 
than is customary in adrenalectomized depancreatized animals. Under 
the influence of compound E the urinai-y glucose was doubled, while 
urinary nitrogen, phosphorus, sodium and chloride, and urine volume 
were increased. Urinary potassium was unaffected. Tlie blood sugar 
was raised, and the basal metabolic rate somewhat increased, while the 
nonprotein respiratory quotient was reduced fi'om 0.82 to 0.73. Keto- 
nuria was increased. The increase in protein decomposition as .judged 
by the rise in urinary nitrogen was insufficient to account for more than 
a small fraction of the glucose excreted, just as in several previous ex- 
])eriments in lower forms."' ” The interpretation offered, in agreement 
with previous Avorkei’s, is that glucose consumption relative to that of 
fat was reduced. The entire problem of the intercon version of olucose 
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and iat under these circumstances and ol the discriminative utilization 
of these two sources of energy by the l)ody is worthy of further study. 

The disi)osition of certain doses of 17-hydroxy-ll-dehydrocorticoste- 
rone to increase urinaiy sodium and chloride excretion as illustrated, is 
shared bj" 17-hydroxycorticosterone’® and differentiates these substances 
bearing a hydroxyl at carbon 17 from their relatives dehydrocortico- 
sterone and corticosterone, wliich ahvays induce sodium and chloride re- 
tention when given in effective dosage.’“ Tlie renal loss of phosphoi'us 
after compound E is attributai)le to the loss of tissue in the eouivse of glu- 
coneogenesis from pintein and lias been observed repeatedly in rats'’ 
and dogs,'“ with stei'oids exerting this effect. The absence of potassium 
diuresis either in a human subject or in dogs,^” in bi'ief experiments, 
when such tissue loss prevails, may be due to temporaiy transfer of 
potassium to sites of new glycogen deposit. In the experience of Long,’’ 
in the rat, iiotassium was lost with phosphorus and nitrogen during glu- 
coneogenesis induced by any adrenal agent. Desoxycorlico.sterone 
acetate is devoid of influence on either nitrogen ov phosjfliorus excretion 
save in recovery from suprarenal insufficiency when material retained in 
the body during a period of renal failure is discharged. 

The induction of atrophy of the normal adrenal cortex may apparently 
be produced by nearly any of the biologically active adrenal steroids,®®'"® 
although desoxycorticosterone is less potent than corticosterone or 17- 
hydroxy-ll-dehydrooorticosterone in either regard.®'’ ®® The thymus 
was well preserved in rats receiving 5 mg. of desoxycorticosterone acetate 
daily for four weeks in one series of experiments.®® Corticosterone 
and 17-hydroxy-ll-dehydrocorticosterone readily induce tlijunic at- 
rophy.®®- ®® 

The potency and the properties of certain adrenal extracts are not 
as yet fully accounted for by the pure steroids contained therein. These 
po.ssibilities exist; (1) Some unknown steroid is present; (2) some 
known steroid exists in such a form, for example as a conjugate, that its 
activity is enlianced in some respects and reduced in others; (3) some 
obscure synergism between two or more known compounds is operative. 
Potent amoiTihous fractions have been obtained by several workers. 
That of IvendalP will maintain adreualectomized dogs in good healtli 
with normal blood concentrations of urea and electrolytes in a dosage 
of 1 to 2 mierograms per kilogram per day. For comparable effects 15 
micrograms of desoxycortieostei’one acetate per kilogram, 100 micro- 
grams of corticosterone per kilogram, and 10 mg. of compound E per 
dog are required. Kendall, furthermore, ascribes an especial advan- 
tage to this fraction in maintaining renal function as judged by blood 
urea concentration. Tlie amorphous fraction does not effect carbohy- 
drate metabolism nor induce adrenal and tlijunic atrophy readily as 
do the substances with oxygen at carbon 11, nor does it distort the pat- 
tevn of serum electrolytes when given in larac dosage a.s docs dcsoxy- 
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corticoslerono. An elueidiition oi' its luituro is osseiiti.-il i’oi- our uiidui-- 
standing of advonal secretions. 

Of llie remaining 21 carbon atom steroids isolated from tlic adrenal 
cortex, 17-liydroxy-dcsoxycorticosterone possesses some biologic activity 
analogous to that of desoxyeorticost crone, wbile 17/5 bj'droxyproges- 
tcrone (XI) is a veak andi-ogen which lacks ])rogestational and typical 
adrenal cortical functions. Neither, however, has been fully charac- 
terized in metabolie studies. Of the 19-carbon atom steroids, adreno- 
sterone (XII), adrostanc-3 (/?) :11 ip) diol-17-onc, and S-4-androstene : 
3-17 dione (XIII) are androgens, althougii not strongly so, and may arise 
during the working up of the extract.s. Great interest attaches to the 
androgenic compounds in view of the possibility that the normal adrenal 
cortex of man may have some effects related to those of the androgens 
and that hyperplastic and neoplastic adrenal cortices certainly do. Pow- 
erful androgens such as testosterone liave not as yet been obtained from 
the adi’enals. Estrone (V) has been obtained from the adrenal. The 
significance of this finding is enhanced by the occasional occurrence of 
estrogen-secreting neoplasms in mice and man. 

The biologic effects of large amounts of the various steroids of the 
adrenal gland will be discussed in conjunction with the interpretation 
of the manifestations of adrenal cortical tumors, Numerous less well- 
studied physiologic expressions of adrenal function, such as resistance to 
cold, to water intoxication, and to thyroxin and cutaneous pigmentation 
have been omitted from the discussion since it is not yet knovni that 
agents different from those described are required for their control. 

THE XATUKE OF THE ADRENAL, CORTICAL HORMONES 

The disposition to refer to any of a multitude of compounds which 
are obtained from a gland or which, when synthesized, possess biologic 
properties resembling those of some internal secretion as a hormone 
should be recognized for what it is, a convenience which taken too 
seriously begs an important scientific question. Short of the utopian 
accomplishment of isolating a humoral agent from the blood stream 
without impairing its integrity, Ave lack direct means of ascertaining 
what is and what is not the actual secretion of a gland. As Houssay^'* 
has recently emphasized Avith regard to tlie pituitary body, eA'en the 
most thorough and brilliant of cliemical analyses of the constituents 
of a tissue must be supplemented by physiologic analj^sis. Precision of 
replacement therapy is necessary for a reliable inference as to Avhat is 
delivered to the circulation by a gland of internal secretion. The 
enormitj^ of this task as far as the adrenal cortex is concerned is readily 
apparent, the biologically active constituents of the gland are numerous 
and A'aried, tire functions subsei-And by the gland are complex and Avidely 
ramifying. Even a steady determination to seek unity in the mid.st of 
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prolixity, such as is apparent for exami)le in the thinkin<>: of C. N. II. 
Long' or Fuller Albright-’ has its frastrations. 

Of the adrenal steroids isolated, corticosterone seems most nearly to 
fulfill the physiologic requirements im]msed upon any agent offered 
as a prospective sole and single secretion. It possesses both a capacity 
to sustain the adrenalectomized animal living on a normal supply of 
salt and a capacity to initiate the necessary modifications of carbo- 
hydrate and pi’Otein metaboltsm required by the adrenalectomized animal 
called upon to enchire ]iertinenl metabolic stre.ss. Tliat it is le.ss effective 
than desoxycorticosterone in the former regard and than 17 -hydroxy -11- 
dehydrocortieosterone in the latter may not be decisive. Greater potency 
may possibly be obtained from thus far un.studied esters, illustrated by 
the superiority of desoxycortico.sterone acetate to desoxycoifieo-stcronc, 
and ’the type of conjugate provided by the gland itself may bo expected 
to have advantages. There is no reason to believe that corticosterone 
could ever be androgenic. This limitation probably exists, however, for 
any and every agent serving to repair suprarenal insufficiency and lends 
significance to anatomic studies seeking to implicate special cell types 
in androgen secretion. 

The most important physiologic evidence casting doubt on cortico- 
sterone as the sole secretion until typical adrenal properties seems to 
lie in the work of Lewis and his a.ssociates.^“ The urinary excretion 
of sodium and chloride as well as of nitrogen and phosphorus was 
increased in the normal dog exposed to anoxia as compared to the 
adrenalectomized dog. Such accompaniments of gluconeogene.sis evoked 
by this procedure are unlike any knouni effects of corticosterone and sug- 
gest the direct participation of a compound like 17-hydroxy-ll-dehydro- 
corticosterone in the process to effect sodium and chloride loss. On the 
other hand these veiy properties of 17-hydroxyl compounds would seem 
to unfit them as agents for conserving body salt. In this connection, 
however, the experience of Kendall in maintaining adrenalectomized 
dogs with 10 mg. of compound E daily, and of Kuizenga and Cai-tland,^® 
in maintaining adrenalectomized rats with compound E, demonstrates 
that dosages of the 17-hydroxyl compounds may be found which are not 
inimical to the maintenance of salt and water balance. 

It will be of great interest to examine the new pure pituitary adreno- 
tropic principle^''’'' for its effect on salt and water metabolism. As 
thus far studied tliis auent evokes a srhiconeogenie, tliymus-depressing, 
adrenal secretion, which antagonizes insulin and whose catabolic prop- 
erties oppose the effects of the growth hormone of the pituitary body.®^ 
These are the responses expected of potent adrenal steroids bearing an 
oxygen on carbon 11. It is problematical whether such an adrenal hor- 
mone evoked by such an adrenotropin could efficiently conserve body 
salt in the manner of desoxycorticosterone or corticosterone. It should 
furfhermorc he noted that the most efficient asient in maintaining life 
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of llie protwliHl <lo<r, tlu' {inioi-jihous 1‘rnctioii, is willi- 

out ofi’ccl upon c;irl)oliyclral(* mf'labolisni (‘voii in llio hoiivicsl, dosage. 

It may i)c coneludod as likely hut not estahlished heyond cavil that 
the various demands ])lacod upon the adrenal cortex in the ordinary 
course of its life have been best stn-ved by llie secretion of at least two 
hormones, one conserving .salt and water and the other effecting efficient 
mobilization and utilization of carbohydrate. The provision of andro- 
gens and e.strogcns, somewhat special and pooi'ly under.stood^functioJis, 
not known to be of material imi)ortanee to the maintenance of general 
well-being, requires .separate, diffci-entiated secretion.s, whether they be 
delivered from cells of recognizably diflerent structure oi- not. The place 
of all of these in the physiologic exprc.ssions of adrenal neoplasms nn'll 
be sought. 


CLASSIKICATIOX OK TIIK SVXDUOMKS DUK TO ADREXAL 
CORTICAO TUMORS 

All students of adrenal cortical tumors have been impressed by the 
variety of their manifestations. The clinical aspects are dealt Avith 
fully in Cahill’s article of this series and will be briefly considered 
here only in so far as the association of particular s.Aunptoms and signs 
creates assumptions in regal'd to common pathogene.sis. Taken in rough 
form and allowing freelj* for intergradcs, I believe the following types 
would be acceptable to most ivorkers ; 

1. Adrenogenital, occurring in children of either se.x but more fre- 
quently in girls and occasionally in adult Avomen. The masculinization 
is intense Aidth precocious or heterosexual gTOAvth of the pliallus, matui-a- 
tion of a masculine larynx, proliferation of body hair of masculine dis- 
tribution, temporarily enhanced somatic groAvth in children and pro- 
nounced development of the musculature. Amenorrhea is usual in the 
female, and breast groAvth is usually held in abeyance. Similar ex- 
pressions of adrenal hyperplasia in the young of either sex occur. 

2. Cushing’s syndrome, occuring in Avomen and children. The mas- 
culinization is less intense than in the adrenogenital syndrome and is 
represented chiefly by liirsutism. Systemic disturbances including adi- 
posity of the “buffalo type,” plethoric appearance AAutli the “moon 
face,” hj’-pertension, purple cutaneous striae, ecchjnnoses, osteoporosis 
and diabetes are frequent. Amenorrhea is the rule. Similar expres- 
sions are given by adrenal hyperplasia, thymic tumors Avith adrenal 
hyperplasia, and pituitary tumors AA'ith or AAuthout adrenal hyperplasia.' 
A someAA'hat modified foi’m, Avith lo.ss rather than increase in body hair 
and AAUth testicular atrophy, oecui’s ratlier rarely in men AAuth lAituitary 
tumors but has occurred only tAA'ice as an expression of adrenal tumoi's. 
Crooke’s hyalinization of the Imsophiles of the pituitary body is charac- 
teristic of this type of disorder, irrespective of the tumor found. 

3. Intergrades betAveen Types 1 and 2, expressed for example by the 
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oceun-eiice of obesity, liyjxofensio}), cutaneous sti'iae and glycosuria, in- 
dividually or together, in those in whom maseulinization is intense. 

4. Isolated expressions of the neoplasm, illustrated by the ease of 
Sprague and his associates in ^Yhich diabetes mellitus was the sole sign 
of the disease. Kepler and Keating®" cite an instance in Avhich amenor- 
rhea was the sole endocrine stigma. 

5. Feminization, a rare manifest atioir in men, eharacteriaed by at- 
rophy of the testes, loss of body hair, and growth of the Innasts. Un- 
known in the young boy it is expressed in larval form, complicated by 
other signs and symptoms, in a ferv eases in girls in Avhich mmistruation 
and breast development are pi-eeocious. 

6. Tumors without endocrine manifestations. 

The importance of distinguishing between tlie adrenogenital and 
Cushing’s type was stressed by Haymaker and Anderson®® in their ex- 
cellent review of the subject and was given a metabolic emphasis by 
Albright and his associates,®’ who suggested that the disturbances in 
protein metabolism were largely anabolic in the first type and catabolic 
in the second. Cahill and assoeiates,"" accepting this same essential dis- 
tinction from the strictly clinical standpoint, emphasized that contra- 
lateral adrenal atrophy was rare in the more virilistic form and common 
in the Cushing’s form. Thompson and Eisenhardt®’ have ])ointed out that 
prior to 1940, the termination of their series, all eighteen patients with 
the typical Cushing sjmdrome, in which adrenal tinnors were removed, 
died. Successful resection had been possible only in subjects with other 
expressions of adrenal hyperfunction. These authors also note that the 
Crooke changes were quite consistently found in the pitnitaries of in- 
dividuals with the fully evolved Cushing type of disorder but were ab- 
sent in those integrades in which diabetes, hypertension, and virilization 
coexisted. The thorough review of Kepler and Keating®® gives especial 
attention to the atypical eases rejiorted. It seems to me that vdiile a 
good deal is to be gained by classifying the signs and symptoms some- 
what in this manner, that rigidity is to be avoided. Neither the clin- 
ical facts nor our laiowledge of pathogenesis warrant sharp and in- 
veterate distinctions between categories. 

In the folloudng account the more important sjunptoms and signs of 
adrenal tumoi’s are considered individuallj'^ and an attempt made to ac- 
count for them in terms of the properties of adreiral secretions and their 
relatives. 

HYPEETENSIOX 

Sustained hypertension, often severe, is commonly found in the vic- 
tims of adrenal cortical tumors. Among the most spectacular of numer- 
ous reports is the 11-month-old girl, reported by Marks, Thomas, and 
Warkany,®® whose hlood pressure was 245/145 mm. Hg, Renal defects 
sufficient to account for the hj’pertension have not been eonsistentlv 
found. In some suh.jeets arteriolosclerotic lesions, even approaching 
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those of Jiuiligiiiinl, neplirosclerosis, liave been Xoiiiul in llie kidneys at 
autopsy. In olliers no consiiienons defects were present. \ cry little 
data based upon the more elaborate and i)reeise modern metliods of 
measuring renal function are available. 

Recent experience witli desoxyeorticost crone acetate in Addison’s 
disease has provided us ■with our first clue as to the nature of the 
adrenal steroids I’csponsiblc for this remarkable hypci'tcnsion. Numer- 
ous physicians”- using c.specia]ly the heavy dosage of desoxy- 

eorticoslcrone acetate ]ircvailing on the introduction of the substance 
observed that elevations of the blood pressure to 150 to 170 .systolic, 
90 to 110 diastolic -were by no means uncommon. Thorn, Dorrance, 
and Day’- found that 34 per cent of tlicir sixty-four patients had a sys- 
tolic blood pressure above 150, a diastolic above 100, or both at some 
time in the course of treatment. A A-ahie as liigh as 212/116 Avas ob- 
served by IMcCullagh and Ryan^’^ in a man receiving 10 mg. of dcsoxy- 
corticosteronc acetate daily together Avith 10 Gm. of added salt. This 
hypertension occurs irregularly and may be traiisient. It may appear 
only after several Aveeks to months of treatment and may or may not 
be accompanied by gross edema. Tliorn and Piror’" thought that re- 
duction of salt intake Avithout altering the dose of the steroid Avould 
reduce the blood pressure and Loeb’“ recorded a similar experience in 
AA-hich salt alone produced hypertension, but tliese points have hardly 
been sufficiently aa-cII documented in an adequate number of ijatients 
as yet. Pre-existing hypertension may Avell be responsil)le in certain 
instances, but the experiments of SAA-ingle and his associates'" demon- 
strate that this is not necessary. Production of hyijertension in noi-mal 
indiAuduals bj-- this steroid has not been attempted. 

Reported first by Kuhlmann and his associates,’- induction of hyper- 
tension in dogs by desoxycorticosterone acetate lias been studied in 
further detail by SAVuigle, Parkins, and Remington.’^ Adrenalcctomized 
dogs in their experience, receiving 2 mg. of the steroid per day (eight to 
sixteen times the maintenance dose), shoAved an elevation of sj-stolic 
blood pressure that began in forty-eight hours and continued for six 
to thirteen days at Avhich time it stabilized in the neighborhood of 130 
to 140 mm. of Hg, 20 to 30 mm. above normal levels. On cessation of 
excessive treatment the blood pressure sloAA'ly declined to normal Avithin 
seven to ten days. One normal dog receiving the same treatment 
shoAved only a slight transient response. The plasma volume of the 
adrenalectomized dogs increased 30 to 40 per cent Avithin three to seven 
days and then receded to slightly above the base line despite continued 
treatment. This together Avith the occasional complete dissociation 
betAveen increased plasma volume and increased blood pressure led 
SAvingle and his associates to discount any cause and effect relationship 
betAveen the tAvo. 

Grollman, Harrison, and Williams’^ noted tlie production of an elcA-a- 
tion of 40 mm. of Hg in rats receiA-ing 0.5 mg. of desoxycorticosterone 
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acetate daily. This effect was prevented by the oral administration of 
a renal extz’aot effective in I'edncins!: the blood pi'essnro of rats with 
hypertension dize to jzartial nephrectomy. The h.vpertensivc inflnenee 
of the .steroid was held accordingly to involve a renal mechanism. 
Similar elevations in blood pre.ssurc m the rat were obtained with 
estradiol benzoate, .stilbestrol, progesterone, and te.stosterone. The dos- 
ages used were enormous. No influence on the blood pressure of man 
with maximum therapeutic doses of these substances has been observed. 

It can readily be .seen from the foregoing that a beginning has been 
made in the study of the hyizcrtensivc effects of the steroids, llesoxy- 
eorticosterone is by no means the only one Avorthy of consideration. Al- 
though large amounts of adrenal extracts have not proved hypertensive. 
Swingle and his associates point out tliat such extracts share Avith 
desoxyeorticosterone the poAver of protecting the adrenaleetomized an- 
imal against the circulatory collapse and edema induced by transfusions 
of serum. The same group” later established that 1 7-hydi’Oxy-ll-dc- 
hydroeortieosterone Avas mizch more effective than desoxyeorticosterone 
in protecting the adrenaleetomized dog again.st collaizse folloAA-ing man- 
ipulation of the intestines. It does not folloAV, of course, that .such an 
agent in large amounts A>'ould be hypertensive but the matter is Avorth 
suitable inquiiy. 


S.ALT AKD AVATER METABOLISM 

The SAvelling of the soft tissues of the face and eyes of certain pa- 
tients Avith adrenal tumors may be in part due to salt and Avater reten- 
tion in those tissues, and edema elseAvherc may be due to hormonal in- 
fluences on salt and Avater metabolism as Avell as to cardiac insufficiency. 
Polyuria and polydipsia not accounted for by glycosuria haA'e been 
experienced b 3 " patients Avitli the Cushing tA-pe of disorder. Complete 
and acceptable salt and Avater balance studies are not aAmilable. hlore 
attention has been paid to the concentration of serum electroljdes, 
chiefly in the A'ictims of Cushing’s s.Amdrome not due to adrenal tumor, 
but it is Avell established that such changes in concentration often reflect 
disturbances in lialance oiiIa’^ sluggishh* and hence do not substitute 
for exacting metabolic studA*. 

In 1933 and 193-1, Kepler and his associates called attention to 
the fact that occasional indiAuduals Avith Cushing's syndrome shoAved a 
reduction in the concentration of chloride and potassium in the .serum 
and an increase in bicarbonate. The 44-A^ear-old Avoman reported Iia- 
lIcQuarrie, Johnson, and Ziegler,^® AAUth Cushing’s SAuidrome, shoAving 
slightly enlarged adrenals and Crooke’s changes in the pituitai'j^ il- 
lusti-ates these phenomena. Her serum bicarbonate Avas 38 meq. per 
liter; Cl, 89 meq. per liter; Na, 156 meq. per liter; K, 3.0 meq. per 
liter. The pH ranged from 7.55 to 7.60. An undetermined acidic 
fraction Avas present. Potassium chloride administration increased the 
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.serum ])()l:issium and (,*I\li)ri<le and reduee<l the hicarhoiiate somewhat. 
Willson. J\nver, and Ivcpler^' .studied a man 39 yeai'.s of'afre, witli 
Cusliing’s .syndrome, in u'liom operation disclosed no adrenal tumor. 
His scrum Na of 137 mc(i. per liter was normal hut his serum K was 
reduced to 2.2 meq., Cl to 7S. and the hiearbonate was increased to 46 
mcq. per liter. .Administivition of S Cm. of poinssmm chloride per day 
(uG Gm. all told) yielded 26 Gm. to the body, of which only 2 Gm. coitld 
he assifined to extracellulai' tluid.s. This Avas intei'preted as meaning' 
pi'CA’ious exhaustion of ]m1a.s.sium stores. Anderson, Haymaker, and 
.Joseph'"^ reported cA'idenee suggesting increased ui'inary lo.ss of potas- 
sium and retention of .sodium in patients Avitli Cu.shing's .syndrome of 
unknoAvn origin and Haymaker and Anderson'*''* rci)orted symptomatic 
improA'ement in patients receiving pota.s.sium citrate. The patient of 
AVillson and his associates did not imj)rove. however, de.sj)ite correction 
of tlie anomalies in concentration of electrolytes. Keider has on scA^eral 
occasions stressed the infrequency of all ei-at ions of serum electrolytes 
in Cushing's .syndrome. In adrenal cortical tumors the only eAudence 
of such changes that I knoAV of is the Ica'cI of 160 meq. of Na AA’ithout 
alteration of K noted by HoAvard and Whitehead'”’ in a i)atient AAuth es- 
sentially virilistic manifestations and the data recorded in Table I, 


Tabi.k I 

COXCEXTRATIOX OF SEVERAL SERUit COXSTITUEX'r.S IN A JO-YeAR-OLD AVOAIAN 
Suffering rRO.At a Proa'ED Malignani' Adrenal Cortical Tumor*' 



CO, 

Na 

cl 

K 


DATE 

(M-AI. PER 
LITER) 

(MJI. PER 
LITER) 

(mm. PER 
LITER) 

(.MJI. PER 
LITER) 

PH 

1/22 

.39.1 

147.2 

93.1 

0.5 

7.52 

1/30 

40.2 

152.0 

90.4 

3.14 

7.53 


♦Courtesy of Dr. A. S. Alving. 


secured bj' Dr. A. ,S. Alvdng, in a AA'oman Avith Cushing’s syndrome due 
to a malignant tumor of the adrenal cortex. These latter changes are 
essentially the same as those preAUously recorded in iiatients in Avdiich 
this sjmdrome occurred in the absence of adrenal tumors. 

Progress toAvard explanation of the distorted electrolyte patterns 
seen in hyperadrenal states is noAv being made on the basis of our 
knoAvledge of the properties of large amounts of adrenal steroids. All 
Avriters on the .sub.iect have appreciated a possible analogy Avith the 
effects of desoxyeorlicosterone acetate. This substance induces reten- 
lion of sodium, chloride, and AAmter and impels renal excretion of potas- 
sium in the adrenalectomized dog and in Addison ’s disease in man. 
These effects are likeAvise seen at least temporarily in the normal of 
both species. The consequences of more protracted treatment AAutli large 
amounts of desoxycorticosterone haAm been studied Avith care by Loeb, 
Ferrebee, and their associates in the normal dog=*’> and are complex. 
Prodigious thirst and ensuing polyuria supervene, apparently excited 
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CARBOHYDR.VTE AND PROTKIX JIETABOLISM 

It has long been known that diabetes mellitns occurs frequently among 
the symptoms of adrenal cortical tumors and that it occurs in those 
with Cushing’s syndrome in w'hom no such tumor can be found. Lukens, 
Flippen, and Thigpen”’’ record impaired glucose tolerance in one-half 
of fifty-five reported cases of adrenal carcinoma, adenoma, or bilateral 
hyperplasia. Ctlycosuria was considerable in nineteen. Such glyco- 
suria may be abolished by dietaiy restrictions, ““ or may require rela- 
tively large doses of insulin, up to 145 units a day.”” Even when the 
diabetes is mild, insulin may have less effect tlian would be expected 
when given in conjunction with glucose,®” but in other instances there 
seems to be nothing unusual about the amounts of insulin required to 
control glycosuria.”” Diabetes is usually associated with hirsutism, 
hypertension, amenorrhea, and obesity and frequently with a dusky 
skin and colored cutaneous striae"'* but may, as in the remarkalfie case 
of Sprague and his associates, represent the sole endocrine expression of 
the tumor.®” It is apparently rare in those instances of adrenal hyiier- 
plasia or neoplasia in girls or young women in which vigorous masculin- 
ization is the predominating feature of the illness. Visible lesions of the- 
pancreas do not seem to account for the diabetes,®” but it Is difficult to 
eliminate the predisposing force of latent diabetes mellitns in the or- 
dinary sense.”®' ”■* An elevation of the basal metabolic I'ate is frequently 
but by no means always associated with the diabetes.”'* If increased 
thyroid secretion is responsilffe for such elevation, the familiar influences 
of hyperthyroidism in impairing glucose tolerance ma.^’ well be con- 
tributory. 

Woodyatt”® observed that in a man with Cushing’s syndrome of un- 
established etiology, but improved by x-ray therapy to the pituitary 
body, the urinary urea excretion was exceptionally high even when the 
glycosuria was controlled by insulin. On a diet adequate in calories 
and containing 81 Gm. of protein, 20 to 24 Gm. of nitrogen (equivalent 
to 125 to 150 Gm. of protein) were found daily in the urine. Balance 
could eventually be achieved by increasing the protein intake. IVood- 
yatt suggested that the polyrwia, up to 6,700 c.c. daily, might be ac- 
counted for by the high rate of nitrogen excretion. These observations 
were fully confirmed when the patient went to Boston under the care 
of Cushing. At this time the protein in the diet had to be increased to 
as much as 475 Gm. per day to maintain balance. 

The discovery of the disposition of adrenal extracts and especiallv of 
adrenal steroids with an oxygen at carbon 11 to favor the mobilization 
of glucose and to restrict its disposal led to a rational theorv of the 
mechanism of diabetes mellitns induced by adrenal tumors. Lukens and 
his associates”” and C. N. H. Long introduced this view. While at 
fii-st glycosuria was induced by adrenal agents only in the depan- 
creatized animal, Ingle”" has recently succeeded in producing severe 
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irlymsuriii in iiitncl nits J'od a lii")! carboliydrato diet willi lar<re ainomil.s 
of IT-hydroxy-U-dcliydvocovticostorone. Urinary nitro^^en inci-cased 
also, hut not .siifYiciently to aceounl for tiic frlueosc excreted. In other 
experiments as previously mentioned, .such a loss of nitrofien diirinp' 
.irlueoneogenesis was aeeomi)anied by di.sclnu’ge ol phosi)hoi'ns and un- 
der some eirc\nnstanecs at least by jiotassium.' Such catabolic efieets 
pre.sumably operate in the inhibition of .somatic growth of normal young 
I’ats induced In’ lieavy do.sages of 11-oxygenated stcroid.s,*- although 
glycosuria was not recorded as occurring in tlu'.se jiarticular animals. 
Under otliei’ cireumstanecs, however, as in the depanereatized dog de- 
scribed by Ivendall,' glyeosui’ia was enlianccd by compoiuid ]5 without 
increasing urinary nitrogen excretion. It may be fairly said that it is 
not as yet entii’cly clear as to when tlie gluconeogenic proee.ss will pi’c- 
dominate in the res]K)nse to these .steroids and when other events, now 
usually intcr])retcd as meaning re.strietcd glucose consumption, are of 
most importance. It may Avell be that the heaviei- the dose of the 
■steroid, the more decisive is the role of gluconeogenesis. The capacity 
of the pancreas to .secrete insulin may be expected to determine the ex- 
tent of the opposition to .such i)roce.s.se.s, at least in part. A basis for an 
understanding of the diabetes and oeeasimial severe nitrogen loss in 
terms of the exee.ssive action of known adrenal steroids is thus seen to 
be established, although many details require elucidation. 

With the frequency of diabetes in Cushing’s syndrome in mind and 
supported by the observation of Woodyatt on urinary nitrogen losses, 
and by the demonstration of the catabolic effects of several adrenal 
steroids, Albright and his associates'^ have formulated a bold general 
theory of the pathogenesis of tlie signs of Cushing’s syndrome. No at- 
tempt Avas made to account for the hypertension. The predominately 
anabolic phenomena in those .subjects rvith intense masculinization Avere 
explicitly excluded. 

By protein Avastage in the cour.se of gluconeogenesis, Albright seeks 
to account for: 

1. The Avasting of muscle AA'ith consequent Aveakness 

2. The thinning of the integument Avith the appearance of 
striae and rubor 

3. The simulation of obesity by the loss of effectiA'e muscu- 
lar and cutaneous suppoi't. 

4. The loss of bone matrix AA'ith consequent osteoporosis 

5. The thinning of arteriolar and venous Avails Avith re- 
sulting fragility and hemorrhage 

Albright and his associates suggested that testosterone by virtue of 
its anabolic effects might serve to counteract and repaii- the damage 
Avrought by such tissue protein dissolution. They succeeded in inducing 
nitrogen and phosphorous retention in these sub.iects Avith testosterone 
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propioilate iu luucli the same mamier as had previously heeii observed 
in ennnchoids®*’ and in normal men and n-omen.””’ They further- 
more demoirstrated a remarkable delayed retention of calcium that had 
not heretofore been observed Avith the androgen. The improvement 
of their patients increased their confidence in the soundness of their 
vieivs. 

The stark simplicity of this comprehensive theory may not, survive. 
Albright'^ has alread 3 ^ attempted to adapt it to new facts. It has not 
been possible as j’ct to demonstrate that the extraordinar.v nitrogen 
deficits observed bj^ 'W'oodj'att are of general and frequent occurrence. 
In none of the nitrogen balances recorded by Albright and his associ- 
ates”^’ in Cushing’s syndrome has anj' such nitrogen loss been found, 
nor was it apparent in the briefer studies of Willson*' or Paschkis”’ 
and their respective co-workers. Indeed, Albright found that one such 
patient could conserve nitrogen as Avell or better than normal subjects 
when placed on a low protein diet.'* The possibility remains that 
nitrogen deficits had occurred in the past in these subjects and that 
the protein stores were so depleted that there was little more readilj’’ 
mobilizable nitrogen to dissipate. Only further metabolic strrdies at 
all stages of the disease can settle this point. I am inclined to feel 
that such nitrogen lo.sses as Woodyatt obtaiJied must be due to relativel3* 
intense stimulation of gluconeogcnesis by large amounts of steroids 
with an oxygen at carbon 11, and that losses of ])rotein from the body 
as a Avhole of sufficient magnitude to be detected in metabolic experi- 
ments are rare and may not be of eeneral significance. Albright ha.s 
attempted to surmount the difficulty bj^ altering his concept of the 
action of the adrenal steroids from catabolic to antianabolic.** I am 
not yet clear as to the advantages accruing from this change in emplmsis. 
Certainty specific tissues such as bone suffer destruction in Cushing’s 
SA'iidrome. The heart of the matter seems to lie in whether such phe- 
nomena cair be conceived simply as an exaggeration of tbe normal effects 
of the carbon 11 oxygen-bearing steroids on the protein metabolism of 
these tissues. In suggesting this interpretation. Albright and his as- 
sociates have ijrovided our thinking with an important challenge al- 
though the complexities and uncertainties of tlie data noAV aA'ailable 
render the nltimate fate of this hypothesis obscure. 

It is known that some tumors of the adrenal cortex in the child in- 
duce unusual somatic growth for a time with rapid der'eloj^ment of the 
musculature. These especially in the hoy may lead to the “infant 
hercules” type or the “burly brerver’s drayman.” Considerable hyper- 
trophy of the phallus, deepening of the voice, and growth of hair of 
nvasenlinc distribution usually accompany the excessive somatic groiAhh 
•Neither corticosterone, its relatives with an oxr-gen at carbon 11 nor 
desoxy corticosterone possess androgenic properties sufficient to' ac- 
complish svtch trairsformations of the bodj'-, nor do the 3 ’ induce the j’e- 
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tcntioii ol' nilroj^en niid pliosjjliorus necessary for growth. Testosterone 
propionate and inetliyl testosterone, however, have been .sliown to pro- 
duce inetabolic rcspon.ses coiapatildc with tissue growth in the child, and 
in tlie normal and sexually underdeveloped man and Avoman.''*'’ '®’ 
lletenlion oi! nitrogen, inorganic iihosphoriis. sulfate, and potassium 
haA'e been induced. Sodium and chloride retention do occur at least in 
the first phase of treatment, as Avilh dcsoxycorticosterone and cortico- 
sterone, but expansion of the extracellular tiuid compartments of the 
body do not, as a rule, seem oxcessiA'c in long-term cx])crimcnts. Cal- 
cium retention has been ob.served only in special circumstances.-'’ but 
it seems likely to me that it too is a general I'caetion Avhich Avill be clearly 
established Avhen suitable experiments arc carried out. lilost of these 
influences may be exerted by as little as 5 mg. of testosterone propionate 
daily,'’’’ amounts that are scarcely androgenic, so that the body is 
relatively sensitive to the anabolic effects of these steroids. Recently, 
numerous Avorkers have demonstrated that actual groAvth in height and 
Aveight of undergroAvn, underdeveloped children may be produced by 
testosterone propionate, mcthyltestosterone,”’ and in boA's bj'- the 
testicular secretion as evoked by chorionic gonadotropin.'^®’ It is thus 
possible noAV to account for the unusual somatic groAvth and superlative 
muscular development of boys Avith testicular tumors by the excessive 
delivery of androgeiric hormones from the ncophAstie testes. The some- 
AAdiat similar clinical status of certain victims of adrenal hyperplasia 
and neoplasia suggests that the adrenal cortex secretes substances Avith 
similar androgenic and anabolic propensities at least under these cir- 
cumstances. ^l^hat this substance may be is unknoAvn. The scA’^eral 
androgens isolated from the adrenal cortex are not poAverful and have 
not been tested for metabolic effect. Testosterone is not as j*et knoAvn 
as an andrenal constituent. Although progesterone has been isolated 
from the adrenal cortex and has someAA’hat feeble androgenic properties 
in some species, its androgenic and metabolic effects as thus far knoAAui in 
man seem rather too indistinct to suggest any important role for this 
substance in the inetabolic or androgenic expressions of adrenal tumors. 

Masculinization in one form or another is a common part of the 
symptomatology of the adult female AA’ith adrenal tumors even though 
it is usually less extreme than in the child. Any metabolic action of 
the androgen secreted might be expected to oppose the nitrogen, 
phosphorus, sodium, chloride, potassium, and Avater-expelling forces of 
some steroids present in excess and to reinforce any sodium, chloride, 
potassium, and Avater-retaining forces of other steroids. Thus a further 
factor is introduced into the clinical melange. Difficulties experienced 
in accounting for the metabolic expressions of adrenal tumors in terms 
of the effects of the more typical adrenal steroids may hence be ex- 
pected. 

It should be mentioned briefly that the anabolic effects descrilied here 
for the androgens are not inextricably bound Avith androgenicity in the 
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strict sense. Estradiol benzoate in large doses has cei'lain anal)olic 
effects resembling those of the androgens'^ and depression of estrogen 
secretion has been implicated in postmenopausal osteoporosis in man.” 
Several -workers''' have speculated oh the possibility that the normal 
adrenal might secrete some steroid with anabolic properties, which fol- 
lows a metabolic path like that of testosterone in the body and yields 
in the urine such derivatives as androsteronc and ctiocholan-ol-one. The 
existence of .such a .substance and its I'ole in the economy of the organism 
cither in health or disease remain uncertain. 

The reports of Wilkins, Pleisehmann, and Howard^"’ and Butler, Boss, 
and Talbot®-' describe the development of suprarenal insufficiency in 
children suffering from adrenal Inimrplasia that expressed itself by 
unusual body growth and exceptional maturation of masculine secondary 
sex characters. The proliferating cortical cells were hi-stologically un- 
like those of the normal adrenal and had displaced normal cortical 
tissue.®® We thus have evidence for a .specialized adrenal cell capable of 
secreting androgens and incapable of secreting typical adi'cnal hormones, 
evidence -\vhich, by the way, was never satisfactory to me in premous 
discussions of the "androgenic zone” of the human fetal cortex. Further 
illi-istration is provided that androgens will not effectively re])air supra- 
renal insufficiency. Clearly one must considei' not only what a neoplasm 
can do by .secreting certain hormones in excess but -\vhat the viable 
normal residue can do. Some such considerations may help to clarify 
the obscure cases of collapse in newborn infants with hyperplastic 
adrenal cortices reviewed by Kepler and Keating®® and may even be 
required in the study of the pathoj-enesis of the .symi^toms of other 
adrenal tumors. 

BOXES .\XD C.^ECIUM XIET.\BOLlSi[ 

The affected bones in Cushing's syndrome are atrophic -\vith little 
evidence of cyst formation or of the osteoclastic reaction so common in 
hyperparathyroidism. Osteoid tissue bespeaking an especial difficulty 
in calcification has not been described, to m5- knowledge. Serum levels 
of calcium are normal, as a ride, while those of inorganic phosphoru.s 
may be low. Hypertrophy of the parathyroid glands is not a common 
autopsy finding although it has been observed.®® In the patient reported 
by Freyberg and his associates.*®’ ** a boy ivith pituitary adenoma and 
extreme osteoporosis but curiously enough with atrophic adrenals 
neither the striking hypercalciuria nor hyperphosphaturia characteristic 
of hj-perparathyroidism could be found. In Aub’s study®' of one of 
Cushing’s early cases, however, the urinary calcium was some four times 
the average normal on a low calcium diet, while the fecal calcium ap- 
proached normal. Hypercalciuria under similar circumstances was re- 
corded by Paschkis and his a.ssociates.*" The calcium balance was not 
negative to any extent in the sub.iects of Albright and associates.®® It 
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imisl bo coniVssod dial ooiiiploto balance studios duvini-- known active 
])hasos of bone dissolution are 1'cw and that little data are available in 
subjects in which adrenal tumors are responsible. Certainly little evi- 
dence that hyperparathyroidism is a frecpient factor has been adduced. 

In the last section,- Albri;j:ht 's view that the e.ssential bone lesion lies 
in loss of protein mati'ix was di.scu.s.sed. A somewhat .similar explana- 
tion was offered by the Boston ^roiip for the osteoporosis that may oc- 
cur after the menopause in women. In this latter instance estradiol 
benzoate induced retention of calcium and phosphorus althoufjh the 
technically difficult, demonstration of bone repair has as yet not been 
aecompli.shed. In Cu.shiii'r's .syndrome, althoug:h an cstroijen deficit 
must often be present, estradiol benzoate did not produce a stron<rly 
po.sitive calcium balance"'' and the osteoporosis of the patient reported 
by Paschkis and associates,'’' proirre.ssed durinij: treatment with ,stil- 
bestrol. The extent to which the damaged bone can be repaired by 
testosterone remains to bo seen, although the positive calcium balance 
described by Albright and his a.ssociates dni'ing treatment with the 
androgen is encouraging. This influence is not specific for Cushing’s 
syndrome as it has been seen in aged men with osteoporosis®® and may 
be at least in some degree a general reaction to the androgen. Frey- 
berg and Grant®'’ had difficulty in increasing calcium absorption 
by increasing dietary calcium or by giving vitamin D, although injected 
calcium was well retained. This type of observation has not been ex- 
tended. Experimental work in the effects of various adrenal steroids 
on the bones of animals together Avith controlled metabolic observations 
are clearly necessaiy for the proper understanding of the osteoporotic ‘ 
process. 

The groAvth of the long bones and the trunk in the early phase of the 
adrenogenital syndrome is in all probability ascribable to the anabolic 
activities of the androgens. As mentioned previously, growth in height 
and increase in bone maturation have now been repeatedly induced in 
undergrown, underdeveloped children Avith several androgens. Simi- 
larly, the early closure of tlie epiphysis in these young people may be 
ascribed to the effects of the androgens, although experimental PAudence 
in man is not as completed in this respect as one might Avish. 

CHANGES IN THE SKIN AND BLOOD A'ESSELS 

Although rubor, purplish cutaneous striae, and a disposition to 
hemorrhage from superficial skin A-^essels are among the cardinal expres- 
sions of adrenal tumors, Ave lack couAuncing explanations for their oc- 
currence. The evidence from infrared photography as to the thimiess of 
the integument is of interest."” The extent that loss of protein from 
the skin and vessel Avails either in the course of gluconeogenesis or other- 
Avise is responsible remains uncertain altliough Alliright’s proA'oeative 
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theory that this is decisive is worthy of altciilion. Protein loss in tlic 
conrse of other wasting disease docs not give rnlior and hemorrhage from 
small blood vessels and purple sti-iae, Imt such protein loss may be 
eontx’olled still by intact adrenals and hence differ from that induced 
by an adrenal cortex secreting without restraining influence. Tlnis, anj' 
hypothesis advanced requires further presuppositions for its support 
and has value chiefly in directing attention to tlie processes it would 
explain. Even detailed pathologic study of tlie affected tis.sues is 
now lacking. 

The seborrliea and acne frequently seen are perhaps best aserilxed to 
androgens or to some obsexire relatives thereof. Androgens alone among 
homonal agents are known to increase the activities of sebaceous glands. 

THE GEXiT.vn nYSTROPHn:.? 

Masculiuization due to adrenal tumors may be represented by little 
more than hirsutism, as in Cushing’s .sviidrome, or may he a veritable 
invei'sion of the female organism rvith hirsutism, hypertrophy of the 
larynx, groxrth of the phallus, and maturation of masculine musculature. 
These latter features are often more conspicuous in children. In boys, 
precocious evolution of secondary sex characters may occur but tumors 
enliancing masculine attributes of adult men are excessively rare. All 
of these reactions, at least in incipient form, have now been produced 
in man by single androgens such as testosterone or methyl testosterone, 
and in the immature male by testicular secretions under the influence of 
chorionic gonadotropin. Stei-oids nuth tj-pical adrenal properties are 
not materiall 3 ' androgenic, and progesterone, which will repair supra- 
renal insufiScienej' in some species and is faintlj* androgenic in some 
respects, seems hardh* capalffe of .such effects in man as far as is now 
known. Several aixdrogenic steroids as previously described hav'e 
been isolated from the adrenal cortex, but thej- are less potent than 
testostei’one in biologic tests and their activitv’ in man has not been 
examined. Nevertheless, if androstenedione or IT-h^^droxj’-progesterone 
were discharged in large amounts bj' a tumor, something in the direction 
of maseulinization would be expected. Another weak androgen, de- 
hv’droisoandrosterone, has been isolated in large amounts from the ixrine 
of patients with adrenal tumoi-s and mav- coneeivablj- contribute to 
maseulinization. It has not itself been obtained from the adrenal and 
if it is derived from some other steroid, its mother substance is un- 
determined. At present it must be "ranted that the actual androgenic 
adrenal secretion is unknomi. 

Testosterone in large amounts is inimical to the normal functionin" 
of the ovary.^”- Thus in the detailed studies of Geist and his assocb 
ates'» amounts exceeding 500 mg. per month will induce amenorrhea in 
adult women. On the basis of a large bodj- of experimental work largelv 
in lower forms, this interference is interpretable as due to inhibition 
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of the I'clciisc of [fonadolropic, folliclc-slimulating secretions from the 
pituitary l)ocly. Direct interference with tlic peripheral effects of tlie 
c-strogens, as on the vaginal mucosa of women'” is in all probability in- 
volved as well. By either mechanism or botli, the circulation of any 
large amount of androgens with such properties may be expected to 
militate against the normal evolution and maintcuance of certain fem- 
inine attributes. This may well be ros])onsiblo for the dcfieiencies in 
normal sex ebaracters of girls and women suffering from adrenal tumors. 
In some cases, however, amenorrhea may occur without especially con- 
spicuous masculinization. Consideration of such problems must be 
Avaived until the re.sponsible adrenal androgens or their close chemical 
relatives arc identified and examined for their influences upon the 
gonads. A further confusion is exemplified by the fact that some young 
Imys with precocious development of secondary sex chai’acters have 
shoAvn premature spermatogonesis."- This is difficult to explain. Large 
amounts of androgens in man depress spennatogenesis"- although ob- 
viously physiologic amounts do not. In several species androgens like 
testosterone, in certain doses under certain conditions, Avill sustain or 
induce sperm iiroduetion. No such influence is laiown in man although 
the matter can hardly be said to have been thoroughly explored. This 
difficulty is cited to illustrate once more the obstacles met by too facile 
theoretical disposal of the signs of adrenal tumors. 

Much speculation has surrounded attempts to seek an androgenic fmic- 
tion for the adrenal in the course of its normal existence and to im- 
plicate special cell types in the secretion of such androgens. If such 
speculations can in the end be brought to firm earth, masculinization by 
adrenal tumors Avill become less difficult to understand. IMere exaggera- 
tion of a normal function rvill more nearlj^ suffice as an explanation 
Otherwise neoplastic rejuvenation of heterotopic gonadal remnants or 
the secretion of some perverted metabolite must be invoked. Space can- 
not be given here for an extended discussion of this problem. Under 
some circumstances, as in the young male mouse, the adrenal does seem 
to serve as a vicarious androgen producer in the absence of the testis 
during a limited part of the life cycle.'"’’ In the rat certain pituitary- 
gonadotropins Avill evoke androgen production bj’^ the adrenal.'’'' In the 
mouse a specialized juxtamedullary cortical zone (X zone) is present 
in infancy'' and involutes under the influence of the testis or of preg- 
nancy.'"’’ Analogies betAveen this zone and certain juxtamedullary 
cells of the adult human suprarenal cortex, and more especially- of the 
human fetal cortex, have been sought largely on cytologic grounds. 
Production of androgens by this zone in the fetus has been hypothesized 
and the term “androgenic” applied to it.®" No substantial evidence as 
to the function of the fetal adrenal cortex has, however, been pro- 
vided. Goldzieher’s more recent view that it serves to secrete a glu- 
coneogenic agent enabling the fetus to endure relative anoxia is as 
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satisfactory as any involving androRcnic functions. Special staining 
methods led Vines'’'' to suggest that fuehsinophilic granules were present 
in the cells of masculinizing adrenal tumors, or in the cells of hyper- 
trophic adrenals, and not in normal postnatal adrenals. Goonnatigh’"" 
emphasized that masculinizing turnons in his experience contained 
fuehsinophilic and siderophilie granules not present in indifferent or 
feminizing tumors and like juxtainedullary cells. A moi'e recent ac- 
count of the tumoi*s or hyperplasias"’ giving I'ise both to androgenic 
phenomena and to siiprarenal insufficieney cite histologic differences 
between the proliferating adrenal cells found and normal adrenal tissue, 
and provide material evidence that the androgen-secreting cells are in- 
capable of forming the normal adrenal hormones. The relationships be- 
tween such cells and those of the large zona reticularis of the fetal cortex 
do not, however, appear to be fully established. 

The same general problem has been approached finin a different angle. 
As will appear in a subsequent section, the urine of a castrate man or 
woman contains androsterone and etiocholan-ol-one, both of which have 
been identified as breakdown products of injected testosterone. In the 
casti'ate these' substances presumably arise from some adrenal pre- 
cursor which takes a metabolic course like testosterone in the organism. 
Androstenedione which has been isolated from adrenal extracts, for ex- 
ample, could do so. This precursor could be androgenic in its physi-. 
ologic effects or posse.ss anabolic properties resembling those of the 
androgens. Several, including the author, have eiitertaijied this pos- 
sibility.’’®' *- Albright and his associates’’* as Avell as Kepler'’'”' have 
sought to implicate adrenal androgens in the maintenance of axillary 
and pubic hair, especially in women, and the former group have stressed 
the possible importance of androgen deficits in limiting the groudh of 
short women with primary ovarian insufficienc•.^' desciibed by Yavney^^'^ 
and Albright’”* and their respective associates. It may be concluded 
that while the normal human adi'enal cortex may secrete substances 
which are active as physiologic androgens, that it has not as yet been 
incontrovertibly proved to do so. The androgenic urinaiy derivatives 
are excreted as biologically inactive conjugates. Their presence does 
not establish that either they or their precursors behave as physiologic 
androgens in the organism. Physiologic evidence must be sought and 
although promising, such evidence is still incomplete. 

The situation with regard to the rare feminizing tumors seen in 
adult men is much the same as in the androgenic tumors. The growtli 
of the breasts and the atrophy of the testis are in accord with the known 
effects of the estrogens in the male, and large amounts of estrogenic 
sub.stances have been found in the urine of one such patient.”* Estrone 
has been extracted from the adrenal cortex. Adrenal tnmoi-s arising 
in mice ovariectomized shortly after birth evoke intense estro-^enie el 
feets in their hosts.’- Although it is well known that e.strogeim can be 
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found in llie ni'ino of oastraled nu>n or women. Iheir fnnelion in the 
orsjanism is ol)s(‘nre. Sneli osti'o^eii.s may come fi'om tJic adrenal cortex, 
but to what ])nrj)ose is nnknown. The recent demonstration l)y Shorr 
and his associates”’" that estrop:cns unlike aiidrojrens increase the urinary 
excretion of citrate and hence serve to i)rotcet the urinary tract, from 
deposition of insolnhle calcium salts and the work of Albright and his 
associates*’ implicating estrogens in the maintenance of hone empha- 
size the advances to he expected when attention is paid to the widely 
ramifjnng intlnenccs of the sex hormones. The extent to which estrogens 
residual after casti-ation serve such or othci- nongcnital functions is 
unknown although it. seems to me that inriuiry along these lines might 
be useful. It may he expected that when esti'ogens arc circulating in 
large amounts in those with adrenal tumors that their metabolic as well 
as their genital effects may enter into the ox])rc.ssions of the disordei’. 
Knowlton and her associates'” have recently summarized these metabolic 
effects as far as man is concerned and presented additional data. In 
addition to favoring inerea.scd citrate excretion, as alreadj^ mentioned, 
retention of sodium,- chloride, nitrogen phosphorus, and, at least nnder 
.some circumstances, calcium has been induced, by estradiol benzoate. 
Thus far, however, it does not .seem likely that excessive secretion of 
estrogens frequently plays any major role in the. expressions of adrenal 
tumors in man. 

THE URINARY EXCRETORY PRODUCTS 

Pincus and Hirschmann’"” have recently provided a complete review 
of the urinaiy derivatives of the biologically active steroid compounds, 
and Koch’®^ and Doisy’®-"’ have discussed the intermediary metabolism 
of the androgens and estrogens, respectively. When studies of urinary 
hormonal or better hormonelike substances were initiated, it was hoped 
that the pathologic physiology of much human disease would be 
promptly clarified. The upshot has been otherwise. A new and com- 
plex body of data appeared, related it is true to the expressions of 
disease, but related through the still obscure processes of the inter- 
mediary metabolism of the steroids. It is accordingly not possible now 
to read the hormone circulating in the body directly from a urinary as- 
sa^q however painstaking such assay may be from the technical stand- 
point. Urinary studies form such a large part of the moans bj^ which 
the pathologic physiology of adrenal tumors will be eventually un- 
raveled, however, that consideration will be given here to the available 
data. Unfortunately, the thoroughgoing and elaborate undertaking of 
Dobriner, Gordon, Lieberinan, Pieser, and Khoads which promises so 
much for the crystallization of our knowledge of this subject has been 
published onlj’^ in preliminary form.^®® 

The chief normal urinary stex’oids of 19-carbon atom series are : 

1. androsterone (XIV) 

2. etiocholan 3a ol 17 one (XVI) 
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3. debydroisoandrosterone (X\") 

4. isoandi’osterone 

Of tbese. androsterone and its stereoisomer etioebolan-ol-one are pres- 
ent in approximately equal amounts. Doljriner has kindly permitted 
me to quote the impuhlished figures of his group as obtained by isola- 
tion procedures. Three normal young men excreted from 5.2 to 6.6 mg. 
of androsterone per day and from 4.9 to 8.1 mg. of etioeholan-ol-one per 
day. Two nomial young women excreted from 3.0 to 3.1 ms. of an- 
drosterone and fi-om 2.9 to 3.1 mg. of etiocholan-ol-one per day. Of 
these, androsterone alone is androgenic and accounts thus for the bulk 
of the andi'ogenic actmty of nomial urine, which by the capon comb 
technique amounts to about 70 International Units per day (7 mg. 
equivalents of andro.sterone) in normal young men and somewliat less, 
in all probability, in nonnal young women. Debydroisoandrosterone 
and isoandrosterone iiossess the ^ configuration at carlion 3 and are 
hence digitonin precipitable. Talbot and his associates’”' and Bauman 
and lletzger’”® give this ^ fraction as 10 per cent or less of the total 
17-ketosteroids on the average. Dobriner's estimates are lower, while 
llunson, Gallagher, and Koeh’”'-' account for about 20 per cent of the 
total 17-ketosteroids as dehydroisoandrosterone sulfate. Since dehydro- 
isoandrosterone Is from one-half to one-third as potent os andi’osterone 
and isoandi'osterone about one-fifth as potent by the capon comb tech- 
nique. these substances do not eontilbute greatly to the androgenieity 
of normal mine. 

All of these .steroids ai-e present as conjugates which are biologically 
inactive, dehydroisoandrosterone as the sulfate.’”” and othci-s pos- 
sibly as glucuronides. They are freed by hydrolysis. Taken together 
they are commonly known as 17-ketosteroicls. and measured as such, 
doubtless with other substances, by the red color given Avith meta- 
dinitrobenzene (Zimmerman reaction). They fall into the ketonic 
and alcoholic fractions. Avhieh make up the areater pail of the mixture 
in normal mine yielding this color. 

As deteimined first by the Callous.""’ the components of the 
steroid mixture in the urine of noi’mal men and women are the same, 
such difference as exists being quantitative, rather than qualitative. 
"When testosterone is administered, the urinary excretion of at least 
androsterone and etiocholan-ol-one is incrca.sed”-’ so that the.se sub- 
stances may he derived in pari at lea.st from the testis. Similarlv in 
the urine of a patient v.lth a malignant interstitial cell tumor of the 
te.stis studied by Tenuina. Hoffman, and Browne’" large amounts of 
androsterone sulfate were found. Neither in this patient nor in those 
receiving in.iections of testosterone was dehydroisoandrosterone part of 
the increment in urinaiy steroids.^ Castrated men"= and ivomen"" 
excrete much the same type of 17-ketosteroids as normal men and 
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women. Onslrnti'd or si'xmilly iniclerdevelopeil men Jmve loss Jindvojieiiir; 
nclivily in tlie urine limn nornml youni; men’'''"” but the overlap is 
substantial. The situation in eastratod women is less clear. Total 17- 
ketosteroid excretion secm.s unaffected'*''’ '*' but, androgens have been 
insufiicicntly studied. Quantitative variations in the amounts of tbe 
several steroids before and after castration in cithei’ sex, require much 
further study as exemplified by the anomalous ri.se in 17-ketosteroid 
excretion occurring late after the castratioTi of older 7nen in the ex- 
perience of Scott, and Vcrmcnlcn."’ In Addison's disease 17-kcto.steroid 
and androgen excretion is low ]>i-obably e.specially in Avomen.'*'’ The 
matter may be summarized by the statement that while part of the 
urinai'y androstcronc and etiocholan-ol-onc arises from the testis in 
the male that a nongonadal source must be sought for the remainder, and 
that a nongonadal source likewise must be sought for much if not all of 
similar compounds in the female. No gonadal source for dehydroiso- 
androsterone has been established. The adrenal by virtue of the steroid 
character of its honnones comes naturally to mind as a source for those 
substances. 

The urine of patients with adrenal cancer has long been Imown to 
contain often excessive amounts of androgenic material."' Callow'-®’ 
first examined the nature of the androgens present. In a 6-year-old girl 
exlribiting a Cushing tj'pe of disorder as much as 70 mg. of dehydro- 
isoandrosterone was obtained from a liter of urine, as compared to 0.1 
to 0.2 mg. per liter obtained from normal dulls. The dehydroiso- 
androsterone accounted for 70 per cent of the androgenic activity. 
Callow observed this in other patients and it has been confirmed further 
by Wolfe, Fieser, and Friedgood'®' and Dorfman and associates"® by iso- 
lation procedures and approximately by Talbot""’ and Dobriner'®® and 
their respective associates measuring the S-jS or digitonin precipitable 
fractions of urine. It is not laioAvn whether dehydroisoandrosterone is 
secreted as such or Avhether it is derived from some pereursor. No 
injected steroid save dehydroisoandrosterone itself"® has b§en shown 
to yield this steroid in the urine although examination of the matter must 
be said to be fragmentary thus far. Nor is it clear that excessive excre- 
tion of 3-j8 steroids can be correlated with any particular clinical ex- 
pression of the disease. In Cushing's syndrome not due to adrenal 
tumors, 17-ketosteroid excretion may be normal"® and the /3 fraction 
not unusual."' In adrenal tumors producing the more strictly adreno- 
genital form of, disorder, dehydroisoandrosterone excretion"® or j8 
fraction excretion has been high. It has by no means been shown that all 
increased androgenic activity in the urine of subjects Avith adrenal 
tumors or hj-perplasia is consistently due to dehydroisoandrosterone. 
Androsterone maj* contribute to the enhanced activity. The ph 3 "siologic 
potentialities of dehydroisoandrosterone itself in man are insuffieientlj’ 
explored so that it is not possible to enA’isage clearly the effects of this 
material in patients AA’ith adrenal tumors. 
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Others of the 17-ketosteroids may be present in excess in iiutients with 
adrenal tnmors. Etioeholan-ol-one was greatly increased in the ni’ine 
of a subject repoi'ted by Wolfe, Pieser, and Priedgood^^'* at a time when 
little androsterone was present. The significance of this is uncertain. 
S-3'5 androstadienone-17 has been found on several occasions both in 
feminizing^-'' and masculinizing' tumor.s’-" and the presence of this and 
other imorly understood suijstances either exci'eted directly or arising 
in the course of manipulation of the urine requires explanation. Talbot, 
Butler, and BermaW-' report unusual amounts of nonalcoholic 17-keto- 
stei’oids in patients with cancer of the adrenal as compared Avith those 
with adrenal hyperplasia. 

It may be held as likely that none of the adrenal hormones sei'ving to 
maintain life contribute materially to the urinary 17-ketosteroids. This 
presumption is possible even in the absence of suitable experiments in 
which adrenal steroids have been injected into man and their derivatives 
followed in the urine. Children excrete very little 17-ketosteroid or 
androgenic material in their urine. The increase in these substances in 
both sexes at puberty bespeaks' some function evolving at that time and 
not some function essential to life. As mentioned previously, the adrenal 
function involved may have something to do with secondary sex char- 
acters or with anabolic effects like those of te.stosterone. This matter 
may be considered uncertain at present. It must be noted that iirinary 
androgeirs are excreted as biologically active conjugates and those events 
that are of utmost physiologic importance occur prior to this conjuga- 
tion. 

Anderson and her associates^® first presented evidence that a life-sus- 
taining, adrenocortical-like compound Avas present in excessive amounts 
in the blood and urine of patients Avith Cushing’s syndrome. Weil and 
BroAAuie^-® using Selye and Schenker’s^^'’ test of improvement in the en- 
durance to cold of adrenalectomized rats found cortical material in the 
urine of several patients including those subjected to operations. This 
test has been further utilized by Dorfman and his colleagues’®” and by 
the ilontreal group,’®’ and a substance or substances found in normal 
urine aa^McIi Avill sustain life of adrenalectomized rats, improve tolerance 
to cold, increase resistance to fatigue in electrically stimulated muscle, 
and increase liver glycogen. These are the properties of adrenal extracts 
and taken together suggest the presence of a corticosterone-like com- 
pound. The further application of such biologic tests to the urine of 
patients Avith adi-enal tumors Avill be of importance. 

Biologically inactive alcohols of the 21-carbon atom series have been 
isolated from the urine of patients Avith adrenal tumors or adrenal 
hyperplasia. Butler and Marrian”® isolated pregnane-3, 17, 20-triol 
from the urine of Avomen Avith virilism. Venning, Weil, and BroAvne’®’ 
later foixnd sukstantial amounts of pregnanediol glueuronide in the 
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urine of a woinnn willi an adrenal Inmor in wliieh lliei-e, was no vcsligc 
of ovarian fnnelion. Tliis lias now been repealedly eonfirincd both in 
"iris and women with adrenal byjn'ridasia.'’'' allhontih it is not a con- 
stant findinc:.’"' Since iirojrest crone is the source of this sidistanee in 
the latter half of the normal menstrual cycle and since profrestcrone 
has been found in tin* adrenal cortex, this substance could be, the ]ire- 
enrsor in patients with adrenal hyiierfnnction. Desoxycorticost crone 
likewise yields urinary ])re"nanediol "Inenronido however’’’^ and other 
steroids may do so. Thus far the apiiearance of iirefinanediol does not 
seem to be strictly correlated with any siiccial t.vpe of clinical disorder, 
appearing both in intensely masculinized girls .showing little or none of 
the Cushing phenomena’-' and in woman with the tyiiical Cushing 
syndrome.®' 

Frank’®® demonstrated the jiresonce of large amounts of estrogens 
in the urine of a masculinized woman with an adrenal coi’tical car- 
cinoma. This seems to be an infrequent finding.”’ Simpson and Joll’®® 
demonstrated large amounts of estrogenic activity in the urine of a 
man with a feminizing tumor establishing a correlation with the symp- 
toms and signs of the disorder. Frank's experience is frankly para- 
doxical. One must conclude that in his case con.jugation of the estro- 
gens occurred before an opportunity to influence the organism was 
provided. Estrone is present in the adrenal cortex but other steroids 
may yield estrogens somewhere in the course of their activity. Tes- 
tosterone propionate, for example, has repeatedly been shown to do so. 

The confusion surrounding the physiologic meaning of the urinary 
excretion of steroids will be gradually surmounted as more of the 
adrenal agents become aAmilable in sufficient amount and in sufficient 
purity for administration to man. The economy of lower species with 
respect to urinary steroids is so different from that of the human being 
that little directly applicable information is to be gained from them. 

JIISCELLANEOUS 

It is a common and dangerous experience to find the contralateral 
adrenal gland atrophic in the presence of an adrenal cortical tumor. 
Cahill and his associates-” and Thompson and Eisenhardt®® have pointed 
out that this atrophy is likely to be profound when the clinical ex- 
pressions of the disease are those of Cushing’s syndrome and is less 
conspicuous in the adrenogenital syndrome. Experimental findings are 
in accord vuth this distinction. Cortical extracts induce atrophy of the 
normal adrenals, an influence which may be exerted through inhibition 
of pituitary adrenotropic secretion, since pituitary adrenotropins will 
prevent this adrenal inhibition. Corticosterone and ll-dehydro- 17 - 
hydroxycortieosteronc seem most effective in this regai-d, desoxy- 
eorticosterone less so. although the latter compound in Selye’s 
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experience will indnce atrophy in large dosage. The androgens do 
not materially inhibit the adrenal cortex, save in the case of 
specialized X zone of the mouse. It is therefore reasonable that vic- 
tims of tiimors in which masculinization predominates should have better 
preserved cortical tissue than those in which excess of the more tj-pical 
adrenal secretions exists. 

Several cortical steroids and cortical extracts as wmll as the gonadal 
hormones induce atrophy of the thymus gland in experimental animals. 
Thjmiie involution, however, is so common in man with all tyj^es of 
illness that it will be impossible to relate thymic involution to the ex- 
pressions of adrenal tumors with any degree of accuracy. Occasional 
exceptions to this expected tlijunic involution are, however, of a good 
deal of theoretical interest. Thus, Freyberg's patient®^ with manifest 
Cushing’s syndrome and atropMc adrenals had a very large thymus. 
The chief lesion in tliis instance was a pituitar.v adenoma. One cannot 
help but raise the question as to whether the manifestations of the dis- 
order were not due to direct pituitary influence on tissues rather than 
to increased adrenal secretion secondary to ])ituitary stimulation. 
Tlijanic involution would have been expected had the. syndrome been 
due to excess of compounds like corticosterone. 

This same question has been raised by Crooke,”’ who described hyalin- 
ization of pituitaiy basophiles in Cushing’s syndrome irrespective of 
whether adrenal tumors, adrenal hyperplasia, pituitayy tumors, or 
thjTiiie tumors were present or not. Students of the subject have gen- 
erally come to agree with Crooke’s findings, and Thompson and Eisen- 
hardt have stressed the uniformity of these basophile changes in 
patients with adrenal tumors in Avhich Cuishing’s syndrome was fully 
evolved. The disposition, however, to see in this common lesion an 
expression of pituitary hyperactivity and to attribute maiiy of the 
expressions of the disease to pituitary hjq)erfunction has not found 
favor. The reasons for this are obvious enough. Cytologist.s have not 
been able to agree as to whether the Crooke changes represent increased 
secretory function or whether the.v are degenerative. Adrenotropic 
pituitary secretions are well loiown and the functions of the adrenal 
under siich stimulation seem much like those of large amounts of cortical 
extract, or of adrenal steroids in excess. Very little is laionm of the 
reverse influence of the adrenal cortex on the pituitary body. j\Iost 
effects of adrenal extracts on carbohydrate metabolism seem well ex- 
hibited in the hypophysectomized animal.® 'SYith the exception of the 
capacity to induce atrophy of the normal adrenal cortex, few if any of 
the properties of adrenal steroids are known to be exerted through the 
anterior lolje. ^Yl^en a chain of events occurs, therefore, in which both 
pituitary and adrenal cortex are involved, one is at the present time 
most likely to consider the pituitary as stimulating the adrenal cortex 
rather than the reverse. It must be admitted, however, that patients 
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like tlial of Freyhorg and Ids associates'-'’ arc soiiicwlial disquieting. 
Pui'lliei' attention to the Crookc phenomena will doubtless be given in 
the future and attompt.s to induce the hyalin changes in pituitary ba.so- 
philes with pure adrenal steroids in excess will bo made. If .such can l)e 
done and the effects correlated with physiologic re.spon.se in normal and 
hypophyseetomized animals the extent to which the particular steroid 
operates through the hyiiO]diysis can be detci’mincd. Until such work 
is accomplished it will be difficult to re.st easy in our usual assumption 
that most of the expre.ssions of adrenal tumors ai-e due to the direct 
pci’ipheral action of the adrenal steroids. The oeea.sional presence of 
advanced spermatogenesis in boys with precocious puberty due to 
adrenal tumors .spealvs to the .same point, .since the question of participa- 
tion of the hypophy.sis must bo raised and for the present left un- 
answered. 

SUiniARY 

1. Some twentj'’-eight compounds have now been i.solated from the 
suprarenal cortex. A number of these such as corticosterone and desoxy- 
corticosterone effectively repair those disturbances of salt and water 
metabolism characteristic of suprarenal insufflciencJ^ Those with an 
oxj^gen at carbon 11, such as eortieostei’one and 17-liydroxy-ll-dchydro- 
eortieosterone, repair defects in carbohydrate and protein metabolism 
characteristic of suprarenal insufficiency. Certain of the 17-hydrox.yl 
compounds favor urinarj'- sodium and chloride loss. An amorphous 
fraction has been isolated which is more powerful in sustaining the 
life of the adrenaleetomized dog than any known pure steroid. Proges- 
terone, several androgens, estrone, and several compounds, inert by 
biological assaj's thus far made, have also been obtained. 

2. It is likely that at least two secretions are necessary to repair supra- 
renal defects and that androgenic or estrogenic functions require the 
formation of separate differentiated hormones. 

3. The following signs and symptoms of adrenal tumors have been re- 
produced to some extent by pure steroids : 

(a) Hypertension by desoxycortieosterone acetate. 

(b) Sodium, chloride, and water retention and potassium loss by 
desoxycortieosterone and corticosterone. The electrolyte pattern 
in the serum of patients, however, is not completelj^ accounted 
for bj^ these steroids. 

(c) Diabetes mellitus and nitrogen loss by compounds such as cortico- 
sterone and If-hydroxy-ll-dehj'drocorticosterone, especiall}’- in 
the presence of reduced insulin secretion. 

(d) Nitrogen retention and somatic growth by testosterone and its 
relatives. 

(e) The masculinization and the feminization, respectively, together 
with depression of gonadal function, by androsen.s and e.strogens 
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(f) Atrophy of the contralateral adrenal cortex by corticostei'ono and 
17 -hydroxy -ll-dehydrocorticosteronc. 

It is pointed out that metabolic balances in the victims of adrenal 
trnnors are often meager and that snch balances may be expected to vary 
from person to person depending on the active steroids secreted. Tlie 
known steroids may .serve to counterbalance one another if mixed in 
proper proportion by the tnmor. 

4. The following signs and .symptoms of adrenal tumors are not yet 
accounted for althougk hypotheses exist which promise with suitable 
modification, to be useful in the future. 


(a) The osteoimrosis 

(b) Cutaneous rubor, striae, and ecchymo.ses 

(c) Adiposity 

(d) Polyuria and polydipsia 

(e) lllnscular weakness 

5. A number of interesting steroids have been found in excessive 
amounts in the trrine of the victims of adrenal tumoi’s. The precursors 
of these steroids and their function in the body are, liowever, ob-scure. 

6. Further elaboration of almost every point is necessary before the 
actual secretions of adrenal tumors can be identified. The suggestions 
made in the foregoing are often the mei’e.st approximations and indicate 
the direction that contemporary research is taking toward the solution 
of the problems involved. 
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IIOKJ^IONAL TUiMORS OF THE ADRENAL 


George F. Cahill, New York, N. Y. 

(From the Squirr Uroloflical Clinic of the Columhia-Prcshijfcrian Hospital 
Mcilical Center, New York) 

T here is perhaps no more fascinating sliuly among all tumors 
than that dealing with the bizarre symptoms of tliose occurring in 
the hormonal glands. AVheu tnmoi-s a])pear in wliich liormones are 
produced, syndromes occur in tlie individual due to the effect of tlie 
abnormal amount of hormone or hormones elaliorated. In certain rare 
instances perverted liormones may be produced by tumor cells. Among 
the tumors occurring in the honnonal glands, the adrenal presents as 
wide a variety as any other in its diversification of s.vmptoms, and in 
this resembles the pituitary ; often the symptoms from dyscrasia of these 
two glands resemble each other. AVhen tumors occur in the adrenal, 
they may be either of the cortex or of the medulla, and in either they 
may produce hormones or they may not. 

In 1928, at the Squier Clinic of the Presbyterian Hospital, we became 
interested in the study of an adrenal cortical tumor and in conjunction 
with other departments have studied a number of these cases. A re- 
view of this study is presented. 

Because of a much clearer understanding of the clinical status of the 
adrenal to its physiologic functions and pathologic changes, the more 
recent studies of its embryology and biologic processes are interesting. 

The mammalian adrenal is actually two glands fused together in de- 
velopment. Each of the glands has an essentially different origin, a 
different type of tissue, and a separate function. They happen to be 
enclosed in one enveloping capsule and tissue stroma. The adrenals 
are normally situated in the outer layer of the renal capsule above each 
kidney. Recently 0 ’Crowley and Martland have shown that occasionally 
they may be closely attached to the kidney and rarely maj'^ be under the 
true capsule of the kidney itself. Accessoiy adrenals occur, are of 
cortical tissue, and have been called Marchand’s bodies. They have been 
described as of the Iddney, the perirenal fascia, the retroperitoneal fascia, 
within the broad ligament, attached to the ovary, or associated with 
gonadal testicular tissues. Tumors of these adrenals have occurred, all 
of the cortical type, and with and without similar syndromes as are 
seen with adrenal cortical tumors. 
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THE ADRENAL CORTEX 

The adrenal cortex originates from the mesoderm of tlie colon epithe- 
lium near the genital ridge. The cortex during postnatal life gradually 
forms into three microscopic layers, which are completed at or ahout 
puberty. The development of the inner of these three layers just before 
puberty has been shomi by lililler. Deansley, and "Whitehead to have 
some connection with the development at that time of the sexual glands 
and organs. Because of increase in size of the layer at this time it was 
suggested as an X zone of the adrenal. A furtlicr elaboration of this 
suggestion was made by Grollman, who suggested that the inside cells of 
the inner layer may he androgenic cells, and he described this as an 
androgenic layer to explain the effects from its suggested function. 

A clearer explanation of the development and growth of the adrenal 
cortex has been furnished by the studies of Bogomoloz, Goormaghligh, 
Hoerr, and Zwemer, in which they have .shovm that the adrenal cortex 
apparently groAvs continuously diiring life from Avithout iuAvard. Ncav 
cells are eonstaiAtly formed from the spindle-shaped cells under the 
fibrous capsule, and in their gx'OAvth develop from Avithout iuAvard the 
zona glomerulosa, the zona faseieulosa, and the zona retieulosa. During 
this process they elaborate, accumulate, and discharge lipoid sterol 
and then, degenerating, are absoi'bed m the retieulosa near the medulla. 
The elaborated material is discharged into the capillaries by the matixre 
cells before their degeneration, and the process is constant, with replace- 
ment by neAv cells. The removal of the degenerated cells is by macro- 
phages and microphages near the medulla. 

There may be hypoactivity of the process as well as hyperactivity. 
Under certain phases of hyperactivity, normal or pathologic, there may 
appear to be larger numbers of cells undergoing degeneration than are 
normally seen. When this occins, it may be the reason for the Avidening 
of the ‘‘reticulate zone at puberty” (Deansley and Miller) or the special 
zone ‘‘androgenic" (Grollman), and the larger number of cells AA'ith 
degenerative fuehsinophilic staining granules as reported by Broster and 
Yhies. 

THE PHYSIOLOGY OF THE ADRENAL CORTEX 

The adrenal cortex has been definitely established as the elaborator of 
hormonal substances, some of Avhich are necessary for life maintenance. 
These hormonal substances haA'C been shoAA’u chemically to be sterol 
lipoids. 

Many closely related sterol deriAmtes have been prepared from the 
adrenal cortex. Some have had definite hormonal action. The action 
of some has effects upon the salt and Avater metabolism, the electrolyte 
balance, the permeability of the capillaries, the regulation of the carto- 
hydrate fat and protein metabolism, the renal function, the capaeiG’ of 
muscle response, and the resistance to stress The maintenance of* life 
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iUid hcnltli is ])rol)!ibly duo to a conibinalioii of tlic various aolivilics of 
tlic steroids. Of the identified steroids, one de.so.x.vcortieosterone sceins 
to be most effective in the vcjiulation of the salt and water metabolism, 
the electrolyte balance, in eainllaiy permeability, and in the preserva- 
tion of renal function, but it apparently does not include many of the 
other hormonal functions of the adrenal, particularly that of carbohy- 
drate metabolism. 

Another of tlie identified steroids occurring in the .sub.stanee of the 
adrenal cortical cells is one. with the property of male hormone (dchydro- 
iso-androsterone). This diffei's slightly from the testiculai- male hor- 
mone (andro.sterone), which has also been described as being produced 
by the adrenal . cortex. There has been also identified as secreted by 
normal adrenals the female hormones, estrone and progesterone. Thus, 
normal adrenals have the ])ower to elaborate both male and female sex 
hormones. Part of the hormones occurring in the urine of normal 
males and females is considered to be derived from the adi’enal. 

Prom the multitude of experiments reported, there are many sugges- 
tions that the adrenals are implicated in many other metabolic processes. 
There has been shown that there is a relationship between the adrenal 
cortex and the pituitary and gonads, and that hyperactivity of the ovary 
may pai’tially replace adrenal function. It is now suggested clinically 
that adrenal function may partially replace testicular function. In 
addition, the adrenal has been suggested as one of the regulators of 
vitamin balance. It has been .shown to have relatively large amounts 
of vitamin 0 in its cortical cells. 

PATHOLOGIC PHYSIOLOGY 

Since the adrenal cortex is composed of hormonal secreting cells, there 
are periods of cell gi’owth or cell degeneration in which hormones are 
not elaborated. Tumor or hyperplasia of immature cells only Avill not 
increase the hormones delivered into the capillaries. Such tumors, Avhen 
they occur, are nonhormonal. However, hyperplasia or tumor of cells 
that have matured will elaborate and secrete into the capillaries excess 
hormones over normal because of the increase of number of cells. The 
hormones may apparently be of all the steroids, or, as has been sug- 
gested by clinicopathologic studies, only excesses of certain hormones 
may be produced. Such has been shoAvn to be the result of hyperplasia 
or tumor in the adrenogenital syndrome, in which the excess amount of 
male hormones elaborated by the tumor has its effect upon the secondary 
sex organs. This has been shown to occur in the masculinization of 
females, both children and adults, and in the male maturity of male chil- 
dren. 

Other tumors haA’e occurred in which the excess hormone elaborated 
has female hormonal activity. Thus, Burrows and co-workers and 
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Simpson and Joll have sbo^vn the feminism of a male to be the result 
of excess estrogens elaborated by a tumor of the adrenal cortex. In 
earlier reports Cahill, as u-ell as Frank, have shown that high' amounts 
of estrogens occur in the urine of females ^Yith adrenal cortical tumors, 
although the hormonal effect upon these individuals has been that 
usually produced by excess male hormones. 

The s^mdrome described under many variations as Cushing’s has 
been contended by Bauer to be due to an excess of the adrenal cortical 
hormones, which have to do with the regulation of the electrolytes, salt 
and water, and fat and sugar metabolism, and are produced by the 
adrenal cortex, either in hyperplasia secondary to pituitarv’ effect or in 
tumor of the adrenal itself. Tliere have been many supporters of Ihis 
theoiy, both from experimental and clinical observation. 

It has been well e.stablished that the adrenal thus can elaborate andro- 
gens and estrogens, as well as otlier metabolic lionnonal steroids; that 
these hormones may be present in excess quantities in hyperplasia and 
tumor and can be responsible for the s\Tnptoms present. There may be 
produced an increase of noimal hormones, and, as has been sho^vn, ab- 
normal hoiTuones may Im produced by tumor cells. Such is the conclu- 
sion of the report of Butler and IMannan, in which a steroid with male 
hormonal properties (pregnane 3, 17, 20 triol) was foimd in the urine in 
a case of adrenal cortical tumor; they established the fact that such a 
hormone is not excreted by noxanal man or from a normal or pregnant 
woman. The possible finding of other abnormal steroids awaits similar 
investigation of other cases. 

CLINICAL CLASSIFIC.ATION OF TUMORS 

Since the beginning of our interest in cases of simdromes due to 
adrenal changes, some with few and others ndth many symptoms sug- 
gesting adrenal pathologi’, liundreds of cases were studied. From the 
large number examined and after a serious attempt to prove either the 
presence or absence of tumor, the conclusion has been draivn that adrenal 
siTidromes may be often due to adrenal pathologic physiologj*, but they 
are rarely due to actual tumor. When tumors do occur with hormonal 
changes, these symptoms varj* according to the hormones secreted, their 
amount, and the age and sex of the individual so afflicted. 

On the basis of proved cases, the foUovdng clinical groups of adrenal 
cortical tumoi-s have been previously described (Cahill, lilelicow, and 
Darby) : 

1. No recognizable hormonal changes 

2. Changes due to excess androgens 

a) In female child toward adult masculinity 

b) In female adult toward masculinity 

c) In male child toward adult masculinity 
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3. Clianges due to excess estrogens 
a) In adult male to\vard feminity 

4. Clianges duo to excess androgens and oilier steroids 

a) Cushing’s syiidronie with associated sexual changes (iiiostl.y in 
females) 

5. Changes due to excess of other steroids related to metabolism 

a) Cushing’s syndrome without sexual changes (in male and 
female) 

TUJtORS WITH SY.MPTOMS DUE TO EXCESS AXDROGl'X<S 

In the Female Child . — Thomas Cook, in 3765, first described a child 
with changes undoubtedly due to excess androgens. This was followed 
by Bevan and Eomkild in 1S02, Tclesius in 1803, Ogle in 1865, and 
Colcott, Fox, and Ogstoii. Because of the dramatic changes this l^'pe 
was recorded early. The oeeim-cnce in female children is not frequent 
but forms a fair percentage of the recorded adrenal tumors. 

When the disease occurs before birth or in early infancy in the female 
child, the sjnnptoms have been described as pseudohermaphroditism. 
Gallais thought that true hermaphroditism could occur if an adrenal 
cortical tumor was present early in fetal life, but that is no longer 
held tenable. AVhen pseudohermaphroditism occurs after birth a hyper- 
secretion of the adrenal cortex, whether due to hyperplasia or tumor, 
may definitely be the cause of the S 3 ’Tidrome. In these children all 
degrees of secondary sex changes are found, from only a slight enlarge- 
ment of the clitoris to an enormous size like a penis, accompanied by 
atresia or absence of the vagina. The internal genitals are usuallj'' small 
and sometimes deformed. 

From the work of Green, Ivy, and others, it is strongly suggested 
that the sjmdrome of pseudohermaphroditism of birth and perhaps 
early infancy, when not due to definite adrenal hypertrophy or tumor, 
maj^ be the result of the effect of abnormal hormonal activitj’’ of the 
mother upon the fetus during gestation. 

The occurrence of female pseudohermaphroditism i§ not frequent. 
Five of these children have been studied for a number of j^ears. Two 
were seen at 3, one at 4, one at 5, and one at 9 years of age. The condi- 
tion of all began earty in life with the hj’^pertrophj'- of the clitoris, with 
the appearance of hair upon the genitals, excessive bodj^ growth for 
a while, increase in musculature, deepening of voice, accelerated 
epipli 3 'seal and dental development, and a higher mental aptitude than 
their normal age level. In all, androgens were demonstrated in the 
urine. Air-insufflation roentgenograms showed the' adi-enals well in all. 
Four had apparently a bilateral increase in size. Complete operative 
explorations showed female internal organs. Biopsies of the ovaries 
showed no testicular cell inclusions. Section of the adrenals sliowed 
an apparent age acceleration in the adrenal zones and cells. None of 
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the children with these syndromes have shown any evidence of adrenal 
tumor, and some have been observed for several years. All have had 
amputation of the penile clitoris. Those who had the adrenals sectioned 
had the hormonal output apparently temporarily diminished. All 
have shown marked symptomatic improvement with administration of 
a potent female hormone. 

From the literature these syndi’omal cases are not uncommon. The 
causation of these symptoms by tumor is infrequent, but that tumor 
can be the cause of pseudosexual precocity is amply supported in the 
report by Reilly, Lisser, and Hinman. in which they cite their ease of a 
child of 22 months with pseudosexual precocity only, due to an adrenal 
cortical tumor. ^Microscopically it was a carcinoma of the adrenal cor- 
tex. In a compilation of the literature they found forty cases of pseudo- 
sexual precocity. Of thirteen patients with p.seudosexual precocity 
alone, two Avere shown to have tumor, and these tumors were suc- 
cessfully removed. They found three reported cases of successful re- 
moval of aberrant adrenal tissue tumors producing: the same syndrome. 
None of these successful cases showed the other symptoms associated 
with the Cushing sAmdromo. They found records of ten patients in 
whom tumors were present with the syndrome, all of whom died either 
duidng operation or within three days. Two of these had .symptoms of 
the Cushing tATte. They recorded fifteen cases without operation, in 
AA'hieh adrenal cortical tumors Avere found on aiitopsy. In eight of 
these sATuptoras suggestive of hormonal influence of the Cushing type 
AA'ere foimd; obesity, bloatedness, flabbiness, glycosuria, and osteo- 
porosis. 

The older children in prepuberty usually do not menstruate, cA'en 
though the period of puberty has been reached. There haA'e been four 
recorded cases of menstruation in these children. It is possible that 
some of these tumors may have secreted estrogens, but as yet no reiAorts 
of this finding have been recorded. 

The older children are more apt to dcA'elop a more general hirsutism, 
on the face and chest as Avell as the body. Deepening of the Amice is 
often present. There is usually transitory, rapid gi'OAvth, followed by 
closure of the epiphyses and a later relatiA-e shortness of the indiAudual. 

The operative results in these children haAm been good, considering 
the seriousness of the hormonal effects. Collett Avas the first, in 1924 
to report a successful removal in a child. Up to 1939. Lisser Avas able 
to collect seA-en successful cases. From the description of the cases the 
successful results were among those apparently Avith only sex sAuidromes. 
Among the records of the vmsuccessful results haA-e been recorded 
symptoms suggestive of other metabolic changes. Ten patients dyino- at 
operation or Avithin thi'ee days suggest that, beside surgical shock, acute 
adrenal deficiency might haA'e been responsible. 
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Jn Aduli Fcvialcs, Cansiuc/ Ghunr/cs Toivard Adult Masculinitij. — In 
the female after iniberty and before the menopanse, there occurs M'liat 
lias been called the adrenogenital syndrome. According to Winter- 
Steiner, this in its broadest .sense eomjirises all conditions in whicli the 
abnormal changes in the sexual siihere arc referable to organic or func- 
tional di.sturbanccs in the adrenal cortex. In lhc.se females it comsisls 
of the appearance of male secondary .sex characteristics and the repre.s- 
sion of female characteristics and function. Apert called it “adrenal 
virilism.’’ When the .syndrome becomes established after puberty or in 
later life, hirsutism is the fir.st change noted, followed by irregularity 
or ce.ssation of the menses, changes in tiie body contour, and enlargement 
of the clitoris. 

This type of syndrome is not infreipicnt. h'^or the last fifteen years wo 
have examined several hundred females showing some or all of its S3'mp- 
toms. From a stud.v of these eases, the anatomic condition of the adrenal 
gland has often been found to bear no definite relation to the t.ype or 
severitj' of the sjmiptoms. The glands with the .s.vndrome maj' be often 
grossly" normal, slightly or considerabl.v hypei'jdastic. 

Tumor is not a frequent cause of the syndrome. When an adrenal 
cortical tumor is present with the SA-ndromc, its complete removal is 
followed bj' the cessation of the s.vndrome with a return, all or in part, to- 
ward normal and is now considered to be definitely' the cause of the 
syndrome. When tumor oecni's, the first symptom has been scantiness 
of menstruation followed bj* cessation. When the menses cease, the 
cessation has been comi)Ietc. Frequently headaches may occur at the 
time when menstruation should have oceui'red. Associated with the 
absence of menstruation has been a loss of sexual desire. Transfer of 
attraction to females has been described with return to noi-mal opposite 
sex after removal of the tumor. Preceding the cessation of the menses or 
coincidental with or shortly afterward, there is a marked increase in 
the growth of hair on the face, chin, and bod.v, all resembling the 
masculine distribution. Acne often occurs on face and chest. The voice 
frequentlj' becomes deeper and masculine in tone. 

Changes occur in the secondary sex organs, but this change is a slower 
one than that seen in the hair and menses. The ymunger the individual, 
the more pronounced are the secondary sex changes. The usual changes 
in the sexual organs are hy'pertrophj' of the clitoris, deepening of the 
color of the labia, atrophy of the uterus, and atrophj' and loss of sensi- 
tivity of the ovaries. In young females the breasts may stay unde- 
veloped, resembling a bo.y at puberty. In older women atroplty maj' 
occur. 

These changes have been shown to be associated with the appearance 
of excessive amounts of androgens in the urine. The amounts of 
androgens excreted are proportionate to the masculinitj' changes that 
have occurred. The amount may be far above that normally' excreted 
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by males. From one of oui* eases, Gallaglier I'eported 480 international 
units per day, and the average value for the normal male in his estima- 
tion was 40 international units per day. The highest recorded figure has 
been in the case described by Slot, in which the e.vcretion reached the 
astounding figure of 2,200 international units per liter. The male 
hormone isolated from the urine in some of these tumor cases has been 
identified as dehydro-iso-airdrosteronc. 






Fig, 1. — Case of young woman with apparently only excess of male hormone 
produced by adienal cortical tumor. Photograph before operation, showing one da> ’s 
growth of beard. 


There -were two patients among the observed adrenal cases in wMch 
the only changes caused by the tumor could have been produced by ex- 
cess androgens. They both had the amonnt of excretion estimated, the 
tumor diagnosed, located, and removed, with the disappearance of the 
male hormone in the urine following the removal of the tumor and 
the gradual return to normal of their secondary sex characteristics. 
Both of these cases were reported completely in 1942 (Cahill, Melicow, 
and Darby). One of these patients later had a reappearance of her 
syndrome with androgens in the urine, a tumor diagnosed in the oppo- 
site adrenal, identified as present by air-insufflation x-rays, and the 
tumor resected from the nonnal portion of the adrenal, followed ao-ain 
by the disappearance of the androgens in the urine and the gradual 
restoration of secondary sexual characteristics to the female. 

These two cases presented tumors with secretion of marked excess 
androgens. The androgens in both produced masculinization, less in the 
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case with less liorinoiics and marked in the case willi excessive excretion. 
Removal of the tumors in each of these was not accompanied hy acute 
adrenal deficiency, beeanse with only excess androgon.s secreted there 
apparently was no functional atrophy of the ojiposite adrenal in excre- 
tion of life maintenance hormones. In one patient with ultimately bi- 
lateral tumors, a partial resection was done on each side. 

In none of these tumors could a definite diagnosis of carcinoma he 
made. Pathologically they were thought to be adenoma. 



Fig. 2. — Photogiaph of face taken aftei operation, with one day’s growth of beard. 


Changes in a Male Child Toiuard Adult Masculinity . — The usual syn- 
drome described with adrenal cortical tumor in a male child has been 
that of precocious puberty. In very fetv cases tumors of the pineal 
gland have been responsible for sexual precocity in boys (Weinberger 
and Grant). There have been reported three patients as having the 
syndrome caused by testicular tumor (Sacchi, Moreau, and Parkes- 
Weber and Howland). A number of cases have been described in the 
literature as due to no knotvn cause. Antong these has been a descrip- 
tion of its familial tendency without tumor by Rush, Bilderback, 
Slocum, and Rogers under the term macrogenitosoma. The occurrence 
of the syndrome as caused by adrenal cortical tumor is not frequent. 
Kepler states its frequency as Hvelve times among thirty-seven known 
adrenal tumors in children, a proportion of about two females with 
pseudopubertas praecox to one male with pubertas praeeox. 

Among the earlier cases was that reported by Linser, in 1903, of a 
boy 5 years of age with a left adrenal tmnor with metastases. The see- 
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ond was Adams, in 1905. Player and Lis.scr added one to the liter- 
ature up to 1932, l)ringing the total to nine. 

Cases of the syndrome must occur without reporting, either because 
of the marked advance of the disease before recognition, so that no op- 
erative procedure was undertaken, or because no autop.sy wa.s possible 
to prove the diagnosis. Broster and a.ssociate.s, in an exhaustive study of 
cases, recorded only one case of a male with prematurity. Fraser re- 
ported a case in 1941 in a child 1 year of asc. From the few cases re- 
ported. the occurrence of premature puberty caused by adrenal tumor 
is among the rarer of adrenal tumor cases. 



Fig. Z . — Photograph ot \somaii with tumor proclucing ma\e hormone anti other meta- 
bolic hoimones protUicintr Cushlng-t^pe sjudrome. 

We have studied five male children with prematurity, 5, 6, 8, 11, and 
11 yea'rs of age. They all had hair on genitals and body, beginning on 
the face, and enlargement of the penis. The testes in the younger pa- 
tients were not enlarged more than the normal age growth. The youno-er 
children showed more advanced age growth, advanced dentition, and 
epiphyseal development. They had no adiposity or other metabolic 
changes. There were no changes in sella, no evidence of pineal enlaro-e- 
ment. and no changc.s in the thymus. One patient only showed an 
anatomic enlargement of one adrenal, the left, but this was not con- 
finned by operation. 
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The two okler boys. 11 years of ane, showed inarlced hirsutism of face 
and body and marked hypertro])hy of liic genitals, including the testes. 
Their symptoms liad l)een present, one for eiglit and the other for .seven 
years. There was shortening of the stature with fusion of ejiijihyses. 
Both had prostatic secretion and sperm. One had normal-si/.ed adrenals 
by air-insufflation x-rays, and the other had an increase in size of the 
right adrenal. No operative procedures were done. These cases re- 
sembled the descri]dion of familial puhertas jn-accox described by Ru.sh 
and associates. 



Fig. 4. — Photogiaph of woman with tumor produemg only changes of metabolic 
hormones of the Cushing type. Xo female or male hormone was identified as excreted 
in her urine. 

A case was seen in the terminal stage of a child of 5 years of age. 
with all the symptoms of the syndrome. This patient showed the facial 
and neck obesity as well as body obesity and genital hypertrophy de- 
scribed as the infant Hercules type.’ He had a large abdominal tumor, 
presumably adrenal. No pathologic .specimen was obtainable. 

The operative results reported on the few hoys with the syndrome 
haA'e had a very high mortality. In addition to the prematurity, 
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most obvioiisly due to tlie effect of androgens, tliero appears very fre- 
quently symptoms suggestive of the changes seen with Cushing’s sj-n- 
drome and uuth probably a resulting functional atrophy of the opposite 
adrenal. In Fordyce and Evans’ case, practically no adrenal tissue 
Avas found at autopsy on the opposite side. Player and Lisscr’s pa- 
tient, who made the first surgical recovery iir this group, showed only 
the androgenic effect in his masculine maturity and in his epiphyseal 
groAvth. He showed no eAudence of acute adrenal deficiency folloAAung 
the removal of the tumor and made an uneA’entful recovery. 

TUMORS AVITH UXGESS ESTROGENS 

Tumors Avith excess estrogens apparently are the i-arest of all the 
hormonal tumors of the adrenal, only six definite cases of tumors Avith 
excess estrogens pi'oducing changes in the adidt male tOAA'ard fc7nininity 
liaAung been reported. The first AA'as by Bittorf in 1919, a male, 26 
years of age, aaIio noticed decrease in the size of his testes and enlarge- 
ment of his breasts. He became impotent and developed a tumor in the 
left side of his abdomen. Cachexia and death folloAved, and autopsy 
(Matthias) shoAA'ed a “malignant adrenal cortical liypernephi’ome. ” 
Zum Busch rcpoi'ted a similar case AA'ith secretion fj’om the patient’s 
breasts and the cause verified by autopsy. Holl reported a patieiit, 15 
years old, aaIao Avas operated \ipon, the diagnosis established, hut the tu- 
mor impossible to remove. He reported a second patient, 44 years old, 
Avith similar symptoms in Avhieh the lumoi' Avas removed by operation, 
folloAved by recovery. PolloAving i-ecovery there Avas a subsidence of 
breasts, adiposity, and return of sex function. Bisser published autopsy 
findings of a male, 33 years of age, Avith breast enlargement and secre- 
tion and adrenal cortical carcinoma. Simpson and Joll, in 1938, pub- 
lished an exhaustive investigation of a patient, aged 34 years, aaFo had 
feminization due to an adrenal carcinoma and excreted an excess of 
estrogenic hormone (probably estrone). The excess of hormone disap- 
peared after the operation and retixrned Avith the recurrence of the 
tumor in the form of meta.stases. 

We have had one case, a man, aged 53 years, Avith gain in Aveight, 
increase in size of breasts, and changing of his hair to a finer, silkier 
type. He noticed a complete loss of desire and libido, Avith marked 
decrease in size of penis and testes. Perirenal air-insufflation x-rays 
shoAved a very large left adrenal. He permitted no further studies, and 
adrenal tumor Avas not verified, no operative procedure being done. 

From the fcAv cases in the literature and especially from the one 
reported Ijy Simpson and Joll, the adrenal in these cases Avas directly 
responsible for the feminization and the adrenal cells Avere apparently 
the source of the estrogenic hormone. It Avas also shoAvn by Simpson 
and Joll that androgens Avere still excreted by their patient. 
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Of tlic Iwo reporleil jiiiticnls with cslrogonie tumors wlio recovered, 
in neither was removal of the tumor followed liy acute adrenal de- 
ficiency. 


TUMORS W’lTII SY.Ml’TOM.S DUR TO RXCIISS AXDROGRXS AND 
OTIIRR JIORMOXRS 

From a study of the literature, tumoi-s with .symptom.s due to e.xcess 
androgenics and other hormones seem to occur more frequently than any 
other. The symptoms w’ithout the cause being tumor arc not infre- 
quent. In the large numlier of supposed adrenal cases icferred to us, 
tills type of adrenogenital syndrome was frequent. Our studies of these 
.show’ed that a fair number of the.sc patients liad hypertiophy of one or 
both adrenals. Fewq how'ever, had tumors as causation. 





i 

i I - 

Fig- 5. — ^Hypertrophy of the clitoris in female child with masculine stature due to 
excess androgens elaborated by adrenal adenoma. 

The syndrome as described by Cushing w'as follow^ed ivith the sug- 
gestion that it occurred with basophilic adenoma of the pituitary. He 
outlined a clinical picture consisting of a rapid, plethoric, painful 
obesity, affecting primarily the face, neck, and abdomen, but usually 
sparing the limbs, thus giving rise to an obesity described as the 
“buffalo type.” The facial changes made the eyes appear small and 
slitlike, resembling a pig’s eye. There W'as acrocyanosis, wdth purplish, 
linear atrophiae on the low'er abdomen and the thighs Hirsutes rvere 
marked. There was a tendency toward polycythemia and hypertension, 
and glycosuria was of frequent occurrence, as were high cholesterol 
readings. With the syndrome w’ere muscular w'eakness and porosis of 
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the hones, causing a eervicodorsal stoop and a shortening of the stature. 
This latter is rare in adrenal tumors, but more frequent with the pitu- 
itary cases. Amenorrhea was present in the females and impotence in 
the males. There was a marked susceptibility to infectious processes 
and to physical stress. IMental changes were present, and, in some, 
well-developed psyclioses occurred. 


Fig. Cl.— Aii-insumatecl x-iay of >oung -woman amUi masculine s>nc\rome. An 

o\oid tnmoi of left adr‘^nal is outlined abo\e the l^.ldne^. 




Since the description by Cushing, many reports have been issued as to 
the findings in these cases in which opinions ha%e varied as to the 
causation. Some (Pardee) believe it mostly pituitary. Others reported 
that it was more frequently associated with adrenal changes (Oppen- 
hemier and Silver, etc.). Some similar syndromes liave been reported 
as having been associated with thymic tumore A few rare cases with 
obesity and hirsutes. as well as hypertension, have occurred with the 
arrheiioblastomas described by Robert ileyer. 

From a study of these cases, some ot the clianges could be due to the 
effects of excess androgens. These changes were the hirsutes, amenor- 
rhea, and changes in the secondaiy sex organs, as the breasts and the 
clitoris Some patients had these changes to a marked degree and others 
less. The fat deposits, the skin, polycythemia, hypertension, and glyco- 
suria, as well as the weakness and osteoporosis, can best be explained bv 
excess hormones present, disorganizing such metabolic processes. Bauer 


CAIIILU: HOKMOKAl. T^.MOU'^ Or ADUr.XAI- 


247 


calliHl aUoution to tlio t'iU't that thoso, in tiicir main cfl'ccts, wove the op- 
imsito to Addison's disease, and that most of these individuals were 
suffering from an excess of metabolism steroids i)roduced by the adrenal, 
either by itself or throufth stimulation of the ])iluilary. Considerable 
supporl to this lias been ofl'ei-ed by clinical observers and by invest i- 
siators. 

Tumor of the adrenal has definitely been shown to be a producer of 
most of tiic chansjes in this syndrome. AVhen tumor occurs, the eases 
may vary from those with marked sex chaimcs and mild other metabolic 
chan<ies to those with le.ss marked sexual chanjies and most of those 
described by Cushins;. 





Fig. 7 — Photogi aph of tumor remo\ eel fi om patient sliown m Fig C 

We Studied and reported three cases (Cahill, Molieow, and Darby) 
showing these variations The first, a woman, aged 36 years, had 
hirsutism, amenorrhea, stoutness, nervousness, and weakness. There 
Avas hypertrophy of the clitoris and a mild erythrocytosis. Air-insuf- 
flation x-rays of the adrenal showed a large tumor of the right Avith a 
small opposite adrenal. She excietcd 69 international units of male hor- 
mones each day. The right adrenal tumor Avas removed successfully. 
FolloAving this removal she developed acute adrenal deficiency and died 
thirty-six hours later. The second case, a Avoman, aged 36 years, had 
Aveakness, headaches, hireutes, amenorrhea, edema, acne, erythrocytosis, 
loAv sugar tolerance, and hypertension. A larger tumor of the adrenal 
AA-as shoAvn by perirenal air insufflation. Removal of this by operation 
Avas folloAved by acute adrenal deficiency, but she reeoA’ered AA-itJi 
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vigorous therapy. After recovery her normal female characteristics 
returned, only to be replaced again later by niaseulinization and more 
marked other metabolic changes with growth of metastases, from which 
she died. The third woman, aged foi-ty years, had hirsutes. fat on 
face and body, emaciation of limb-s, and amenorrliea. Study .sliowed 
erythrocytosis. low sugar tolerance, and hyperleiKion. She developed 
cervicodoi-sal stoop. Air-insufflation x-rays showed a large tumor of 
the adrenal. Xo operation was performed, and follow-up was impos- 
sible. 



Fig. S. — Air-insufflation x-ray shorsing tumor of lovrer pole of the right ailrenal in 
a patient rvith onlj masculinizing syndrome. 

The three cases studied appear to be illustrative of the variations 
caused by the effect of different honnones. The fiist had well-mai'ked 
effects of excess androgens and moderate other metabolic disturbances. 
The second had well-marked sexual changes and other metabolic changes. 
The last had moderate sexual changes and marked general metabolic 
changes. In these the demonstration of the tumor.c by air insufflation 
was less clearly defined, as the patient developed fatty depo.sits and 
edema. The operative results show that apparentl.v. isdth the excess 
of metabolic homionos produced by the tumor, hj-pofunction and 
ati-ophy occur in the opposite adrenal. This fact has been reported 
by other observers. Often when one of these patient-S recovers it mav 
he due to the excretion of hormones by metastases. 
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TTJ.MOKS WITH ClIAXOPS DUO TO nXCOSi? OTHOR STKROIOS 
lU’.OATr.D TO MOTAUOLISM 

^Ye liacl one patient ]n-evionsly reported who had all the symptoms 
described by Cushing witli the only real change in (lie sexual charac- 
teristics being the cessation of menstruation. No male or female hor- 
mones could lie identified as excreted in licr urine. A complete autopsy 
was done after she died with acute adrenal deficiency after removal of 
the adrenal tumor; this did not reveal any other change that could liave 
produced the syndrome except the adrenal tumor. The remaining 






Fig. 9. — Photograph of tumor removed from patient in Fig. 8. 

adrenal was atrophic and apparently inactive. In retrospect the tumor 
must have produced steroids in abundance, as was evidenced by the 
histologic sections, in which most of the cells were foamy with lipoids. 
These steroids were neither of androgenic nor estrogenic influence, as 
was showm by the symptoms and by the failure to identify either in the 
urine. From her symptoms and the fact that acute death followed the 
removal of the tumor, the steroids apparently had to do with the life 
maintenance properties of the adrenal. 

THE DIAGNOSIS OF ADRENAL CORTICAL TUMORS 
WITH HORMONAL EXCRETION 

From a study of many cases with syndromes suggestive of adrenal 
changes, only rarely have we found tumor as the cause. When tumor 
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occurs the sjTuptoms are usually pronounced. If oC androgenic charac- 
ter, the identification of large amounts of androgens in the urine is 
necessary. This is now possible by the estimation of the 17 ketostcroids 
by the colorimetric method. If the symptoms are of estrogenic charac- 
ter, the estimation of the urinary estrogens biologically is not difficult. 
Once these excesses are determined, the origin of the hormones is then 
sought. For the adrenals we have used x-ray studies of air insufflated 
into the peril enal fascial spaces. These have been reported by us and 



Fiff 10 — Air-nisufflation x-ray showing tumor of the light adienal lesting again«;t 
the luei in a patient ■with masculine sjndiome and Cushing s^ndiome. 

others. When tumor is present, it is more clearly shown in thin people. 
The tuniois are round when small, ovoid when large, and may be some- 
what lobulated when very lai'ge. All tumors so diagnosed were con- 
firmed by operation The air insufflation Avas especially of value ivhen 
the tumor Avas small and unrecognizable by any other method except 
by operation. 

THE HORJIONES EXCRETED BY ADRENAL CORTICAL TUMORS 

Androgens. — It is apparently established that virilism and adrenal 
cortical tumors, Avhen present, are associated Avith high levels of andro- 
gen, and this declines to loAver levels after removal of the tumor. The 
most frequent androgen that has been isolated has been shoAvn to be 
dehydro-iso-androsterone, a beta-kesteroid. This differs from the hor- 
mone of the testes, testosterone, an alpha-kesteroid. It is also thought 
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that the adrenal may also })rodueo .some alpiia-keslevoidK. Under cer- 
tain conditions the hela-kcsieroids arc urcatly increased in quantity, 
as in patients with hyperjdasia, adenoma, and carcinoma of (he adrenal 
cortex. In these case.s there appears to he a rather definite relation of 
the amounts of androgens present in (he urine to (he degree of virilism. 
The move marked the symptoms, (he higher (he assay. 

It has been shown that at least with one tumor another kesteroid 
(])regnane) was i.solatcd from the urine by Butler and Itlarrian and ap- 
peared to be associated particidarly with that tumor; it was not found in 
the urine of cither normal males or females or of pregnant females. 
From their finding it appears as if in other lumot‘ cases ahnormal or 
perverted hormones may l)e elaborated. 



Pig- 11 — An -insufflation x-ray showing tumor of the left adrenal in a case of 
only metabolic changes of Cushing tjpe. The air diffuses poorlj around this adienal 
due to fattj edema of the tissues 

Estcrogens . — It was shown early that large amounts of estrogens were 
excreted in the nrine of patients with virilism and tumor. In some a 
definite excess over normal was found, even thougli the effect on the pa- 
tient was masculinization. At that time the amount of androgens was 
unknown. Later we have shouTi, as well a.s others, that even though 
the androgen level is greatly in excess of normal, high estrogen excre- 
tions continue in women with adrenal cortical tumors with masculiniz- 
ing syndromes; and these estrogens remain unchanged after the tumor 
is removed. 


252 


SURGEKV 


The report of Simpson and doll confirmed the clinical snspicion that 
feminizing tumors in males must be associated u’ith high estrogen 
levels. Their case showed high levels before operation, lowering to nor- 
mal after removal of the tumor and i’esnm])lion of high levels again 
with the reappearance of tumor in the form of metastasis. The estro- 
gens excreted in their case were considered to be estrone. 


OTHER HORMONES 

The identification of other hormones with adrenal cortical tumors 
awaits further investigation. An increase in substance which maintains 
lile was demonstrated in the blood stream of a patient with Cushing’s 
syudrome. The identification of life-maintaining substances in the urine 



Fig 


12. — Photoniicrogrraph oC tumor of .adrenal cortex with only inasculinizinc 

syndromes. 


in normal persons and their increase in stress has h|* [ed bv 

ATeil and Browne. Similar investigation into the if the 

Cusliing syndrome types is needed. Of particular , the 

patient with Ctishing’s syndrome, in wliose urine n eiis 

nor estroaens could be identified. 


OPERATrVE PROOF*'t)RES 


For removal of adi-enal cortical ; 
have been used: (1) extraperitou'. ,i 
(2) transthoraeically through the 
through the anterior abdominal wall. 

The lumbar route has been used e.v 
did not involve tumor removal. Crilc 
approacli. "Walters and Kepler report 


three routes 
”gh the hi , 
(3) trau 

adrenal si 
thod in b 
teral xj 
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dclcrminc. first, the diseased side, and, second, the presence of an op- 
posite adrenal. Young: devised an ingenious retractor fasliioned after a 
ril)-spreader retractor for tlioracic proceduies and n.sed this retractor 
for bilateral exposure. 

The transthoracic apiiroach was reported by Brostcr and Vine.s as 
useful in eases of noutumor adreno«cnilal syndrome. This, be claimed, 
was the easiest a])])roacli in view of the faet that tlie adrenal vessels 
allowed a slight range of upwaul movement. It had, however, the di.s- 
advantage of creating at times a pneumothorax, lie also did a pre- 
liminary laparotomy for exploration of the adionals by ]ial])ation, tlien 
after recovery performed tlie main operation by the tran.sthoracic ap- 
proach. 

The t ransperitoneal ap])roaeh has been used in a.ssoeiation with a 
bridge elevation similar to gall bladder procedures. Thi.s approach 
we have recommended for cortical tumois because we have felt that, 



Fig 13 — Photomicrograph of tumor of adrenal cortex with mixed syndromes The 
cells contain many vacuoles of steroids 

with the adrenal, in both the lumbar and transthoracic routes the op- 
erator was too handicapped with the inadequacy of the incision, the 
difficulty of first approaching the vessels of the tumor and of ligating 
them, and the difficulty of manipulating the tumor. The anterior 
oblique incision gives a large opening, adequate exposure, exploration of 
the entire abdomen, proper localization of the structures, accessibility 
to the tumor which alwaj='s grows down and anteriorly in the direction 
of the incision, and ability to ligate the vessels before handling the 
tumor, a most recommended step in dealing with carcinoma and facili- 
tated by far better control of any operative accident. In our series 
there have been no weaknesses in the abdominal wall subsequent to the 
operation. 
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POSTOPERATIVE ACUTE ADREXAI. DRl'IGIENCV 

In the literature many patients are reiiorted with what has been de- 
scribed as .shock, occurring immediately or shortly followuig the re- 
moval of an adrenal tumor. Cecil .stated that 39 per cent died of this 
shock and that 65 per cent had severe shock, from which only 27 per 
cent of all patients operated upon recovered. Tlie other 33 per cent 
apparently had no shock. 



Fig. 14 — Photomiciograph of tumor of adrenal coitex with only metabolic syndromes 
of Cushing type. Most of the cells are filled with vacuoles. 


It is now accepted by mo.st clinicians and investigators that the col- 
lapse is characteristic of acute adrenal deficiency. Prom a perusal of 
the literature and from our own experience, the acute adrenal dcficiencj’ 
is rare or does not occur in the nonhormonal adrenal cortical tumor 
cases, nor does it occur in those with only sex hormonal changes, but 
it occurs mo.st often in those who show the effects of excess hormonal 
action upon many metabolic factors, the electrolytes, the ivater and 
salt balance, and the capillary permeability, in fact, the symptoms seen 
in the Cushing type of syndrome, whetliei- in children or adults. It 
has been .suggested upon reasonable grounds that these changes can 
only be produced by excess hormones. Expez-imentally it has been 
shown that injections of excess life-maintenance .substance can cause 
atrophy of the adrenals. In those cases ending fatally, usually of the 
Cushing type of tumor, contra-adrenal atrophy usually is present 
Cushing type tumors have been removed, and the patient has recov- 
ered from the following acute adrenal defieienej-, but often metastases 
were latez- recognized ; it is thought that their secretion was responsible 
for the reeovein^. 
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The most importanl fjietor in siirgrieal 1]iprii])y in these nietahoiic- 
lype tumors is tlic anticipation, prevention, and control of postoperative 
cortical deficiency. Tlie method used is that with acute eri.sis of Addi- 
son’s disease, liaviiifi on hand and administering ])reo])eratively and 
post operatively ])otent adrenal hormone. A potent extract of the cortex 
may be used or the .synthetic hormone de.snxycortieosterone. Adequate 
doses are given. In addition to the hormone there is administered by 
oral or parenteral route adequate amounts of sodium chloride and 
sodium citrate. Since the marked ca.scs of Cushing syndrome have an 
erythrocythemia, with a]iparently a marked diminished blood volume, 
postoperative transfusions are often necessary. -Certain students of 
the syndrome suggest that a diet low in potassium might be of value for 
some time preceding the operation. 

If the patient is tided over the acute deficiency, it is expected that 
the remaining adrenal tissue will regain its capacity to produce a suf- 
ficient amount of hormone to meet the needs of the Body. There ap- 
parently is no known method to determine the duration of this period, 
but it probably is safer to err on the side of extension of the therapy 
for some time after the blood pressure and electrolyte balance have 
reached normal. 

PATHOLOGY 

The tumors were either adenoma or carcinoma. The adenomas were 
soft, encapsulated, red tumors. The small ones blended into normal 
adrenal tissue. 'With larger ones, no normal tissue Avas found. The 
adenomas Avere more frequent in the younger adults. The cells Avere 
typical actiA’^e adrenal cells, undistinguishable as coming from any par- 
ticular zone. They at times had granules but contained lipoid Amcuoles 
ill manj^ cells. The number of cells containing vacuoles compared 
roughlj’" AAuth the degree of hormonal changes, particularly if the Cush- 
ing type of syndrome Avas present; in this latter the sections of the 
slides shoAved that mo.st of the tumoi’s Avere composed of “foam cells.” 

The carcinomas Availed. These Avere seen more often in the older 
cases. None of the carcinomas resembled those seen in adrenal tu- 
mors Avithout hoimonal sAuidromes. One carcinoma shoAved invasion 
of the capsule and cells in the blood vessels. The cells Avere in sheets 
resembling some parts of the adrenal cortex, more frequently the 
glomerular and reticulate layers. Numerous A’aeuoles Avere present. 
Others had cells mostly undifferentiated AAuth man.y mitoses and numer- 
ous vacuoles. 

The attempts to correlate the findings of fuchsinophile granules as 
described by Broster and Vines liaAm still left us unable to decide 
Avhether their presence has or has not any particular association Avith 
the A’arious types of cases. Fuchsinophile staining of the cytoplasm 
Avas present in all the tumors, in some diffusely and in others in gran- 
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ules. It apparently was more pronoiniced in cases with hormonal 
sjTidromes and in the older individuals. The latter is in accord with 
Sudds’ report that granules appear in adrenal cells, apparently with 
the ageing process of the individual. 

HORMONAL TUMORS OF THE ADRENAL MEDULLA 

Tumors of the adrenal medulla maj’' he divided clinically into those 
which produce no hormones and those vdiich do. The latter are rare. 

The medulla of the adrenal is of the sympathetic nerve system. The 
cells are formed fi'om the sympathogonia which grow iivto the cavity 
of the adrenal cortex, which gradually extends over the medulla to en- 
close the same. The primitive sympathetic cell (sympathogonia) forms 
two types of cells, one the fibril ganglion cell, and the other the 
secreting endocrine cell. The former, tlie .sympathoblast, forms the 
mature sympathetic ganglion cell, and the latter, the pheoehromobla.st, 
forms the mature pheoehromocyte. 


Sympathogonia 

/\ 

Sympathoblast Pheochromoblast 

/ \ 

Sympathetic Ganglion Cell Endocrine Cell 


The pheoehromocyte cell is the mature and apparently only endo- 
crine secreting cell of the adrenal medulla. Long before the present 
knowledge of its function wms known, it had been shown to possess an 
affinity to chrome salts which stained material in its cells a deep brown. 
Cells with similar staining properties (chromaffin tissue) occur in the 
retroperitoneal tissues, sympathetic glands along the aorta, Zucker- 
kandl’s organ, the sacrococcygeal region body, and the carotid body. 

The only known secretion of the pheoclirome cell is epinephrine. 
This Avas the first hormone identified, isolated, and .synthesized. Its 
properties as a pressure substance ha Am long been recognized. 

AVhen there is an abnormal number of pheoclirome cells produced, 
as in tumor, the formation of such has been called paraganglioma 
ehromaffinoma, or, more properly, pheochromocytoma. The symptoms 
of paroxysmal hypertension noAV knoAvn to be associated Avith pheo- 
chromoeytoma Avere first described, in 1922, by Labile and Tinel-Doumer. 
The diagnosis as to its causation Aims made, in 1926, by Vaquez and 
Donzelot. C. H. ilfayo reported, in 1927, the first pheochromocytoma 
removed during an abdominal exploration. In 1929, Pineolfs reported 
the first case correctly diagnosed and the patient operated upon. The 
association of the pressor substance in the blood AA'ith the attacks AAms 
first reported, in 1937, by Beer, King, and Prinzmetal. 

When pheochromocytoma occurs, it is more frequent in the medulla 
of the adrenal gland, but it may occur next in frequency in tlie retro- 
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])crinloiioal tissue, in tlio iianglia with tlic aorta oi’ vena cava, in tlie 
sacrococcygeal body, or in the carotid body. Wlien the tumors are small, 
they arc usually soft, reddish tumors with a thin capsule, and usually 
the adrenal cortex is a yellow rim attached to the tumor. When 
larger, they become grayish or dai-ker brown. They ai'c vascular and 
easily ruptured. Hemorrhage and degeneration are not infrequent. 
Cyst formation may occur. 

When the tumor occurs, a symptom complex is seen, which gives rise 
to what has been described as paroxysmal hypertension. The course has 
been accepted as being the effect of a release of an excess amount of 
pressor substances in the blood. 



Figr. 15. — Air-insufflation x-ray of patient with plieooliromocytoma of the right adrenal. 

The tumors so far occur usually in young or middle adult life and 
in both sexes, although they apparently are more frequent in the fe- 
male. They are more often benign, and the patient in the rare malig- 
nant case may succumb before many metastases occur. 

THE SYNDROME 

The symptoms that occur hai'e been described as paroxysmal hj^pei’- 
tension. These may occur spontaneously or may be induced. When 
they occur they usually are similar each time. 

The patient notices that after exercise or mental excitement a marked 
pounding headache occurs, with the consciousness of the heart beat- 
ing; that there is tingling of liands and feet with a feeling of con- 
striction of the same and creepy feelings ; that palpitation becomes more 
marked; that dyspnea may occur with nausea or vomiting; and that at 
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times epigastric pain is marked. An impending sense of death not in- 
frequently occurs. The attacks Iasi from a few minutes to several hours, 
and in that time the patient may simulate a state of shock. The at- 
tacks terminate slowly with flushing of the blanched areas, marked 
sweating and weakncs.s, and often exhaustion. Death may occur during 
an attack, from shock, heart failure, coronary disease, cerebral acci- 
dent, or pulmonary edema. Frequent occurrence of the syndrome may 
result in arterial changes, in which a more or less continuous liyperten- 
sion may exist Avith vascular changes in the eyes. 



Fig. 16. — ^Air-insufflation x-ray of patient with small pheochromocytoma of the lower 

pole of right adrenal. 

CAUSATION OF ATTACKS 

The attacks may Ije produced spontaneously or by physical or mental 
effort. They have been variously described, often being attributed to 
other causes. Any mechanism that is known to release adrenalin nor- 
mally from the adrenal may produce the attack, as effort, trauma, anger, 
fear, exposure to cold or sudden heat, abdominal pi’essure, massage of 
the tumor, or, accidentally, administration of a pressure substance. 
Some patieirts have awakened from sleep with an attack, probably from 
dreaming. Not uncommonly, as in several of our cases, the sudden 
demise in an unrecognized tumor followed by an autops,A^ discloses the 
cause. 



rvnihij; nomiu.N.Ui iiJumsoi adki.nai, 




YAi^OCON'STKICTIOX 


Tho vasoeonhlrietion of tlve )>eriphoral cireiilalion is usually marked. 
The blood pressure between attacks may be low or normal. During the 
attack it may rise to over 300 mg. systolic with a dia.stolic over 100 mg. 
of mercury. The pulse is thin and may not be perceptible. The fingons 
and toes become blanched, as well as the lips and also the fundus oeuli. 
There occurs a difference of ])rcssure reading in the proximal arteries 
from the distal arteries. Readings by oscillograph may not bo possible 
in the extremities. During this period the pulse is rajiid, and the heart 
]munding may be pronounced. 







4'. -'■ !rs *0 7 ^ 



Fig 1" —Photomicrograph of phcochi omocj toma taken fiom patient shown in Fig. 13. 


Te7nperaturc.—T\wve is a marked diminution of the peripheral tem- 
perature of the body with a rise of the internal temperature. Tills 
persists through (he attack, evidently produced bj inadequate dissipa- 
tion of body heat. Following the attack, subnoimal temperature may 
be present for a while. 

SJioc/i.— Following a severe attack or one wliich has existed a long 
time, a state of shock may occur. Similar phenomena have been re- 
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Case ;J (P. H., Xo. 4oSj?0S;. — S. P., a woman a<ref] o.'J years, was admitfcal in 

1934; she had had so-i-alled attacks of chronic indigestion for year.s. These were 

severe with epiga.strie pain, nausea, voinitinpr. and often c<dl:ij).'e. Tlie attack wliich 
brought her to the ho'-pital was the ino.-^t severe that slie liad o\cr had. A pre- 
sumptive diaCTOsis of visceral perforation was made. Operation di.selosed ’. ‘Severe 
intraperitoneal hemorrliage from a mass above the right kidney. Attomi)fs to con- 
trol the heraorrliage wore difiicult, and the patient collap.'-ed and o.vpired. Autop.sy 
showed that the hemorrhage was from a large, benign pheoehromoeyfoma of the 
right adrenal, and death followed the attempts to control the hemorrhage. 

Case 4 (P. H. Xo. .54200S).— D. P., a female, aged 27 year.-;, was admitted in 

19.38; she had had a rheumatic heart for years and attacks of abdominal distress 

and palpitation. She had had an imi-uccessful lajiarotomy -eight years previou.“l.v. 
She showed a typical syndrome of paroxysmal hyjiertension and had a palpable 
tumor mass in the left hypoehondrium. Palpation and massage of the tumor mass 
produced the typical attacks. A partial removal of (he tumor, which was attached 
to the cava and aorta, was followed by collapse and deatb. Autopsy showed severe 
rheumatic endocardial changes, marked arterioselero.sis, and a pathologically benign 
plieocliromocytonia of the left aortic lumbar plexus. 

Case 5 (Xeurological Institute Xo. 41024). — G. 1C., a man aged (!1 years, was ad- 
mitted in 1939. He had exddouce of personality changes and had convulsive at- 
tacks. A diagnosis of bruin tumor was made, and at opeiation a tumor was re- 
moved. Five days following the opeiation he died in a sudden collapse. Autopsy 
showed severe intraperitoneal hemorrhage from a pheochromocytoma of the right 
adrenal. The tumor removed from the meninges was diagnosed on microscopic 
examination as pheochromocytoma. There were no other metastases found. 

C.ASE 0 (P. H. Xo. (JOOSSS). — E. C., a woman aged 49 years, was admitted in 
1940 with a history of the typical sj-ndrome of pheochromocytoma. The tumor was 
localized as in the right adrenal by air-insufflation x-rays. She was operated upon, 
the tumor removed from the adjacent cortex, and she made an excellent recovery 
and has been well since. The tumor was a benign pheoehromoc}-toma. 


Case 7 (P. H. Xo. 65712S). — .1. .S., a woman aged 48 years, was admitted in 
1941 rvith liirsutism. obesity, and amenorrhea whicli had been present for vears. One 
year before, the left adrenal had been explored in another hospital with no tumor 
found and the symptoms persi.sting unchanged. A tumor of the right adrenal was 
shown by air-insufflation x-rays. The tumor was removed by resection from the 
cortical portion because of sj-mptoras of adrenogenital .syndrome and because of the 
uncertainty of the status of the left adrenal after the previous operation. The 
Tumor was shmvn microscopically to be a benign ijheocliromoeytoma, but a removed 
portion of the cortex .showed adrenal hyperiilasia with many foam cells seen often 
with the Cushing type. .\n acute cortical adrenal deficiency following was treated 
by cortical hormone and she recovered. The patient has been free from the hvper- 
tension symlrome since the operation. 


Case S (P. H. Xo. 0901.34). — E. R., a female, aged 29 years, was admitted in 
1942, For one year she had had attacks of paroxysmal hj-pertension. Studie.s did 
not reveal any changes in the adrenal, but there was a tumor mass below and mesial 
to the right kidney. Operation disclosed a tumor of the right aortic lumbar plexus. 
The tumor was removed. It was a benign pheochromocytoma. There has been 
no recurrence of the .-.t-ndrome since opera.ion. 


admitted in 

194„, with hirsutism, mild obc.sity, and scanty nieesos. For one year she had had 
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typical syiiilroinnl atta<’kK of jiaro.vyijmai liypcrtcasion. InMifllatioii x-niys sliowod 
a small Imllious mass at the lower pole of the right adrenal similar to that in Case (I. 
She refused operative intervention. 

Those nine ease.s cover llic historiciil .study of 1he.se Ininors: The 
ciirly case with an entirely unrcco>rniml syndrome; the marked tend- 
ency of tliese tumors, partieidarly the rioht, to lileed inlraperitoneaily ; 
llie collapse and death that may occur with any traumatism; with 
hemorrhai’o from the frland, and with operative handling-; tlie later 
recognition of the .syndrome, with projicr diagnosi.s, projier localiza- 
tion of the tumor, and its successful removal. Of the mne tumor.s, two 
meta-stasized and were thus presumed to be malignant. 

SUMMARY 

Coriical Hormonal Tumors . — 

1. The hormonal .syndromes may he due to an excess of androgens 
or estrogens or other metabolic hormones of the cortex. 

2. The syndromes are determined by the type and amount of hor- 
mone or hormo.nes produced and by the age and sex of the patient. 

3. The status of the adrenals may be adequately- determined by air- 
insufflation x-ray pictures. 

4. Eemoval of the tumor, if adenoma, will cure the syndrome, but 
often fixed changes will persist. Tf the tumor is carcinomatus, its re- 
moval may temporarily improve the patient. 

5. Acute adrenal deficiency occurs usually in those with symptoms 
of the Cushing syndrome, and the treatment is that of acute deficiency 
in Addison’s disease. 

Medullary Hormoned Tumors . — 

1. The hormonal syndromes are due to an excess of epinephrine. 

2. The cases vary only in degree with the amount of the hormon'e 
produced. 

8. The diagnosis is made upon ; 

(a) a typical syndrome and response 

(b) demonstration of a pressure substance 

(c) the presence of tumor by air-insufflation x-ray ijictures 

4. The danger period is during the operation, although at times acute 
adrenal deficiency may develop from removal of cortical tissue. 

5. If patients survive the operative period, the prognosis is good, 
because most of the tumors are benign. 
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THE ENDOCRINE ACTIVITY OF THYROID TUiMORS AND THE 
INFLUENCE OP THE THYROID HOIUMONE ON 
TUJilORS IN GENERAL 

Jacob Lerjux, IM.D., Bostoj?, SIass. 

(From i?ie Thi/roid Clinic of Iho MasnachvscUs Gcncvnl Hospital) 

T he relation ol the thyroid to new growth has been nnder investi- 
gation for some time, but the results Iiave been rather inconclusive. 
The problem may be divided into two main categories, namely, the eftect 
of thyroid hormone on malignant tumors in general and the efCept of 
thyroid neoplasms on hormone production. 

THYBOm HORMOXE VERSUS NEW GROWTHS 

The chief function of the thyroid gland is the elaboration and stor- 
age of its hormone, ‘thyroglobulin. This iodine-containing protein plays 
a vital role in the economy of the body. It regulates the rate of 
energy exchange, or metalmlism. In addition, it has numerous other 
actions which are probably interrelated and dependent upon the main 
one, the calorigenic action. The thyroid affects growth, maturation 
and differentiation of tissues, the distribution of water, salts, and col- 
loids in the body, the metabolism of carbohydi’ates, and the function 
of the neuromuscular and circulatoi’y systems. It has some effects 
which are not clearly understood, such as the fluctuation in cholesterol 
metabolism, tolerance to certain dxmgs, absorption from the gastro- 
intestinal tract, motility of the gastrointestinal tract, and the forma- 
tion of blood. The function of the thyroid is still further complicated 
b3’' its direct and indirect effect on the otlier endocrine glands, which, 
in turn, act upon the thyroid. The phj'^siologic action of thjwoid is 
best illustrated in the two clinical conditions of exophthalmic goiter 
and mj'xedema or cretinism. In the one, the manifestations of the 
disease, except for the eye signs, are due to excess secretion of thj^roid ; 
in the other thej^ are due to undersecretion of th^woid. 

In view of the profound effect that thvroid has on normal tissues, 
it has been assumed that this hormone Avould also affect the develop- 
ment and growth of abnormal tissues, such as neoplasms. A great 
deal of work has been done on this subject, klost of the results indi- 
cate that the state of thyroid function is not important in experimental 
tumors. Thyroxine has no influence on the incidence and growth of 
various types of transplantable mouse tumors (Sugiura and Benedict ' 
S^Rer, Nathanson, and Wilson-) or on rate of sarcoma production in 
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chickens (Okmunva and Namiki'*) ; Ihyroidcctoniy also is wilhont offoci 
on sncli Inmors (Bischoff and IMaxwoll"). In the case of eliemically 
induced Inmors, Die recent rejiort of Sinitli, AVells, and D’Amour'" 
indicates that neither tliyroid administration nor thyroidectomy in- 
lluenccs the incidence of tumor development. Such results a<irec with 
our clinical imiiression that the state of thyroid function has no in- 
tluence on the iueidence and <fro\vth of cancers in patients. In the past 
twelve years we have oh.served various kinds of malignancy six limes in 
150 patients with myxedema and .seven times in 1,300 patients with 
liy])erlhyroidism. In addition, 2 patients were found to have teratomas 
of the ovary soon after they had been operated upon for Grave.s’ disease. 
The higher incidence in myxedema than in hyperthyroidism is prob- 
ably related to the higher average age of patients with myxedema. 

In this connection we liave observed an interesting phenomenon 
in one of the patients with myxedema who had an epithelioma of the 
nose. This lesion failed to heal in spite of repeated exosures to x-ray 
over a period of ten years. However, as soon as the patient became 
noi'mal with thyroid administration the lesion healed completely and 
has remained so for eight years. What the explanation for this may 
be is not clear. It probably has to do with the increase in blood flow 
in the skin, the increase in metabolism of the epithelium, and the in- 
ci-eased rate of desquamation of epithelial cells. 

There are some reports which indicate that tumor growth is retarded 
in thyroideetoraiaed animals (Nishida,® MeJunkin, Templeton, and 
Kravec"). Similar results have been recorded for hibernation and for 
starvation. Either depression in metabolism, common to all three con- 
ditions, or some peculiar disturbance in nutrition, pi'esent in all three 
conditions, may account for these results. On the other hand, Gilroy® 
reports that thyroxine injected into mice retards the rate of tumor 
growth, an eifect which may be neutralized by the administration of 
arginine. A possible explanation for these confusing results may lie 
in the unusual findings obtained by Meyer and McTiernan.® These 
investigators found that the oxygen consumption of malignant tumor 
tissue from thyroideetomized animals was slightly reduced, to 15 per 
cent below the average, but the oxygen consumption of tumor tissue 
from thyroxine-treated animals ^vas also reduced and more so, an 
average of 25 per cent in tliree-fonrths of the cases. Such results indi- 
cate that malignant growths are not nnder the usual phj^stologic con- 
trol. 

A point of interest is the effect of malignancy on the tlm’oid of the 
host. In experimental cancer thei’e is i-eduction in heiglit of epithelium, 
indicating diminished function, probably preceded by a short period 
of stimulation (Larionow,’'’ Twort and Twort,^» and Nishida'*). In tlie 
advajieed stages of the disease there is further depression of thyroid 
function. In patients with any type of cancer the basal metabolism 
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is frequently elevated (Jura'-), probably as a result of the toxemia 
produced by the cancel' rather than from stimulation of the thyroid 
gland. As cachexia develops the metabolism remains elevated or may 
actually increase, but the thyroid. may become atrophied as a result 
of malnutrition. 


EKDOCRINE ACTIVITY OF THYROID TUMORS 

Pathologists dealing u-ith malignant thvroid disease disagree about 
the iiroportion of thyroid carcinomas arising from previously exi.sting 
benign adenomas. Some adenocarcinomas and the various t.vpes ot 
sarcoma do not aiase from previously existing tumors. The incidence 
of thyroid malignancy is about 1 to 4 per cent of nontoxic goiters. 

The .statistics of the older literature indicate that malignancy occurred 
largely in goitrous areas. However, the more recent figures from vari- 
ous clinics throughout this countiy arc ratlier uniform. For example, 
^leans'- reports a 3.2 per cent incidence of thyroid cancer for the non- 
goitrous area around Boston, and Pemberton’'* reports a 2 to o per 
cent incidence for the goitrous region around Eochester. The figures 
from both areas are in relation to nontoxic nodular goiter. 

The question whether malignant thyroid tumors and tlieir metastases 
can function nonnally and, indeed, overfunetionate, lias led to a good 
deal of speculation. The classical case of von Eiselsberg’” has fre- 
quently been cited as evidence that metastases from tliAToid cancers 
may fiuietion normally. His patient developed myxedema follou-ing I'c- 
moval of the thyroid for malignancy. Two years later, myxedema dis- 
appeared when the tumor, consisting of colloid-containing follicles, 
recurred in the manubrium. When the tumor was removed, myxedema 
returned. The occurrence of tetany along with myxedema and the 
disappearance of tetany as the tumor recurred is further evidence that 
the tumor in his case was producing tlyroid hormone. On the other 
hand, there are reports which indicate that thyroid carcinoma or its 
metastases do not relieve coexisting m.vxedema (Gulliver’"). The fact 
that myxedema seldom, if ever, occurs when the thyroid is diffusely 
malignant does not necessarily indicate that the malignant tissue is 
producing hormone. It is more likely that the uninvolved noi'mal 
follicles are the sites of such activity. 

ilore direct evidence of activity of thyroid tumors has lieen forth- 
coming. Although iMarine and Johnson” found only minute amomits 
of iodine in 3 thyroid carcinomas and none in the metastases, and Eisen’" 
found no iodine in 1, either in the original tumor or in its metastases, 
other observers have reported the presence of thjuoid hormone in such 
tumors. Graham’® found that the iodine content of adenomas and tlie 
effect on tlie metamorphosis of tadpoles varied with the degi-ee of dif- 
ferentiation of adenomas. One fetal adenoma and one carcinoma, each 
of which contained only traces of iodine, still produced a definite aceel- 
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evalion of tadpole motainorpliosis. Similarly, jMilles,-'’ using the Gudor- 
natsch test, and Engelslad,-' using the Reid Hunt acetonitrile method, 
both showed that metastases from thyroid malignancy contained active 
hormone. i\loreover, by means of the more recent refined methods of 
iodine analysis, it has been found that thyroid tumors do contain appre- 
ciable amounts of iodine. Ilamilton and Soloy," using radioactive iodine 
as a tracer, determined that carcinomas of the thyi’oid^ake up 0.39 
per cent radioactive iodine. The ratio of uptake was higher than 
normal, exceeded only by the hjijerjfiastic glands due to iodine de- 
ficiency. Recently Keston, Ball, Frantz, and Palmer-’ reported that 
a femoral metastasis from a thyroid carcinoma took up 30 per cent of 
the radioactive iodine administered. 

Another aspect of this problem centers about the question as to 
whether thyroid maligiiancy may be associated with hypei'thyroidism. 
Means’^ states that he has not seen cancer of the thyroid in persons 
who have had toxic goiter. Similarly, Crile='‘ did not find a single in- 
cidence of indisputable lyvperthyroidism in 249 cases of thyroid malig- 
nancy, and came to the eonciusion that the diagnosis of malignancy 
should be made with caution where evidence of hyperthjToidism is 
clear-cut. This would mean either that hyperplastic tissue cannot be- 
come malignant or that thyroid carcinoma cannot hyperfunctionate. 
Other investigators report different results. Clute-' could find no case 
of cancer arising in a typical hyperplastic gland but did find 4 cases 
in which carcinoma developed in fetal adenoma associated nnth exoph- 
thalmic goiter. Colter'^® found only 1 ease of thyi’oid carcinoma ailsing 
from a hyperplastic gland, and Pemberton,’* studying the largest .single 
group of thyroid tumors (774), found 10 patients with hyperthyroidism. 
In 4 the neoplasm was confined to adenoma in the gland; in 6 it de- 
veloped within the gland. Goetsch-’ reported 7 instances in 52 cases 
of thju'oid malignancy where the malignancy occurred in hypei^lastic 
glands. He came to the conclusion that these tumors arose from pre- 
existing fetal rests or nodules and not from hyperplastic cells. The 
highest incidence of hyperthjn’oidism in thyroid malignancy has been 
reported by Welti and HugueniiP® (8 in 88 cases of thyroid neoplasm), 
and by PriedelP'’ (57 in 412 eases of adenocarcinoma). Part of zhe 
variation in reported results may be due to the fact that thyroid 
carcinoma is frequently associated with an elevated metabolism. But 
this also is true for nontlijn-oid carcinomas. The elevation of metabo- 
lism is not necessarily due to overfunction of the thyroid but rather 
to absorption of toxic products from the tumor and from structures 
destroyed by the tumor. Moreover, a false elevation in metabolism may 
be obtained, especially in patients with thj’Toid cancer, as a result 
of dyspnea and stridor which the thju’oid mass maj’’ produce. 

My own experience corresponds to that of IMcans and of Crile, with 
one exception. Recently I was invited by Dr. P. Reichenbach of the 
Westfield State Sanatorium to see a patient with toxic goiter and 
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Andespread metastases from the thyroid. She ^vas clinically hyper- 
thyroid and had a basal metabolic rate of pins 87 which improved on 
iodine. A nodule had been present in her neck for many years but had 
caused no symptoms. Biopsies from the nodule in tlie neck and Irom 
one of the meta.stases revealed the histologic picture of normal thyroid 
tissue — an example of "benign metasta-sizing adenoma.” 

I have also had the opportunity of studying the case history of 
another patient with hyperthyroidism and malignancy of the thyroid.® 
This patient was suffering from hyperthyroidism in association with 
acromegaly, and required subtotal thyroidectomy in 1923. She re- 
mained srnnptom-free until 1932, although the picture of acromegal.v 
progressed, when the goiter I'ceurred as well as symptoms of hyper- 
thm’oidism. In 1933, the toxic symptoms became so severe as to neces- 
sitate a second thyroidectomy. At this time a nodular goiter which 
was grossly and microscopically malignant was found. Following lieavy 
radiation the patient has been free from thjYoid disease until the time 
of this communication. 

In the firet case it seems clear that a pre-existing adenoma was the 
cause of the thyroid malignancy. However, it was not po.ssible to de- 
termine the source of hn^erthyroidism. It was my opinion that tlic 
adenoma and metastases were not producing an excess of thyroid 
hormone, but that the remainder of the thyroid was hyperplastic and 
responsible for the tlnuotoxicosis. In the second case it seems likely 
that the recurrence of hyperthyroidism did not result from malignant 
thyroid tissue but rather from regrowth of hyperplastic tissue due 
to pituitary stimulation. It is impossible to draw any conclusions as to 
the origin of the malignancy, whether from hyperplastic tissue or from 
a pre-existing adenoma. 

A ease report submitted to Di’. James H. IMeans by Dr. H. R. Petei-s of 
Baltimox’e suggests that aberrant thyroid tumor tissue, in this case in the 
ovaiw, is able to produce hyperthyroidism. Similar case reports have 
appeared in the literature. 

Briefly, this patient, a woman, 41 years of age, .suffered from In-perthyroidisni 
of moderate severity for six months. Her hasal metabolic rate level of plus 34 
per cent did not change with iodine medication, and thyroidectomy was carried out. 
The tissue removed at operation showed hyperplasia and involution. In spite of 
an adequate operation she continued to suffer from symptoms of thyroid intoxica- 
tion and the hasal metabolic rate remained at plus 30. Five months after thv- 
roidectomy a mass was discovered in the pelvis and removed surgically. Following 
the second operation the patient had a thyroid storm but recovered completelv. 
Her metabolism dropped to minus 6 and she became free from thyrotoxic symptom's. 
Interestingly enough, the cyst removed turned out to be a teratoma, containing 
hyperplastic thyroid tissue which was partly involuted. 

The most important aspect, clinically, of the problem of function 
of thyr oid tumors revolves around the disease “toxic adenoma.” In 

•1 am indebted to Dr. John C. Roe of Pittsfleld for permission to mention this case. 
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!my lai’se firoup of patients with thyroid disease one finds a few sliow- 
ing mild liyi)ei-thyr()idisn), asymmetrical goiter, and little in the way 
of eye signs. At operation the .surgeon may find, in a ea.se of this type, 
a single nodule and noi-mal-looking or sligiitly atrophic tissue surround- 
ing it and also in the opposite lohe. Should the pathologist call this 
nodule an adenoma then one must hold with Plummer and call this a 
case of “toxic adenoma’' — a ti'uly hyperfunctionating Jicoplasm. How- 
ever, many pathologists refuse to call this nodule anything hut a dis- 
crete lump of hyperplastic tissue. In that event one cannot label this 
case as anything but a variant of ordinary thyrotoxicosis. It is my 
o]>inion that the argument for “toxic adenoma” is inadequate. I have 
seen several patients whose clinical picture was characteristic of Graves’ 
disease — ^^vilh moderate toxicity, eye signs pre.sent, and response to 
iodine. At operation only single nodules were found that appeared 
histologically like the diffuse hyperplasia of ordinary exophthalmic 
goiter. The remainder of the tissne was normal grossly and jnicro- 
scopically. Perhaps this pro])lem cannot be settled until the pathologist 
is able to differentiate hyperplasia from neoplasia. 

CONCnU-SION 

1. The state of thyroid function does not seem to influence greatly 
the development and growth of either experimental or human cancers. 
The slight retardation in tumor growth produced by thyroidectomy is 
probably due to associated nutritional disturbances. Thyroxine, under 
some conditions, may also depress tumor growth. 

2. Malignant thyroid tumors and their metastases probably contain 
small amounts of thyroid hormone, tlie concentration depending on the 
degree of differentiation. The absence of myxedema in association with 
tliyroid malignancy is not necessarily due to the production of hormone 
l)y malignant tissne but may be due to the function of uninvolved nor- 
mal thyroid tissue. 

3. The association of hjiierthyroidism and thyroid cancer is I’are. 
There is no evidence that thyroid malignancy can produce an excess of 
thyroid hormone or that hyperplastic tissue can become malignant. It 
is more likely that malignancy arises in a pre-existing adenoma imbedded 
in the hyperplastic gland. 

4. Sti'uma ovarii may pi’odnce clinical hyperthyroidism. 

5. So-called “toxic adenoma” may not be a neoplasm at all, but 
rather the end result of a single focus of ordinary hyperplasia. 
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THE BNDOCKINE ASPECT OF ENI.ARGEIMENTS OP THE 
PARATHYROID GLANDS 

Oliveu Cope, IM.D., Bostox, JIass. 

(From the Department of Surgery of the Harvard Medical School and the Surgical 
Serrieex of the Massachu.xcttx General Hospital) 

D isease associated with limior or hyperplasia of the parathyroid 
glands has been considered rare. Tliis is because the glands defy 
detection and because the misconception is held that bone disease is a 
requisite of parathyroid disease. Parathyroid disease frequently exists; 
it is merely not diagnosed and not proved. 

Althougli the paratliyroid glands were described as anatomic struc- 
tures as long ago as 1880, by Sandstrom,' pathologists Avere unable to 
contribute much to the description of paratliyroid diseases; the para- 
thyroid glands are small, of a color hard to differentiate, in position 
various, and they are, therefore, found only after painstaking search 
even at an autopsy. Parathyroid adenomas were found post mortem 
(Askanazy, 1904) ^ in certain cases of a bone disease with tumors, cysts, 
and generalized deealcifieation (osteitis fibrosa cystica generalisata or 
von Recklinghausen’s disease, 1891).® But it was wrongly construed 
that the parathyroid enlargement was secondary to the bone abnormali- 
ties. It was not until 1925 that Mandl,^ a surgeon in Vienna, tested the 
concept that the parathyroid tumor Avas tlie cause of the bone changes. 
After excising a parathyroid tumor from a patient Avith von Reckling- 
hausen’s disease, calcium Avas again deposited in the bones and hyper- 
parathyroidism Avas established as an entity. 

It Avas correctly assumed after 1925 that the clinically important 
primary disease of the parathyroid glands Avas the endocrine one asso- 
ciated Avith hyperfunction, that is, excesswe production of hormone. 
Reports of some eighty-five cases of generalized osteitis fibrosa cystica 
associated Avith a parathyroid tumor had appeared in the literature by 
1932. In contrast, first, only tAAm cases of primary or idiopathic hypo- 
parathyroidism® had been reported. Second, a fcAV cases of a malignant 
tumor of the neck, supposedly in a parathyroid gland, AA^ere described ; 
histologically difficult to prove, certainly some of the eases Avere doubt- 
ful. And finally, no case of a nonmalignant tumor of a parathj’roid 
gland not associated AAoth hjqrerfunction had been reported. 

As a result of Jilandl’s discovery and various experimental pathologic 
observations, the idea became fii-raly established that the parathyroid 
hormone acts directly on bone and that any functional disturbance of 
the parathyroid glands must of necessity result in bone changes. Al- 
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The classic bone disease form of hyperparathyroidism is readily diag- 
nosed; the roentgenogram is chai'acteristic. iMctabolic studies are lui- 
necessarj" hut, if made, the abnormalities are readily spotted even by 
inexperienced technicians. The patients vith the renal complications 
and little or no bone disease, however, liave generally a milder form of 
the disease and it is only with painstaking effort and persistent study 
that the disease is diagnosed.® In some of the cases of this seines the 
diagnosis was not established until the offending gland had been excised 
and a change in metabolism demonstrated. 

The first case studied in this countiy was at the IMassachusetts General 
Hospital. Each successive ease was investigated so thoroughly from 
the physiologic point of view that it became possible to forecast varia- 
tions in the disease. It was in this manner that the primary hyperpara- 
thyroidism without the bone complications was established. 

Physiology of the Parathyroid Hormone . — The end re.sults of the 
action of the parathyroid hoi'inone are well Imown. How the hormone 
effects these results remains a matter of conjecture. 

There are four salient features of the action of this hormone. It exerts 
a control over the distribution of both calcium and inorganic phosphate 
ions in the blood stream and probably in all of the body fluids. Whether 
the hormone acts primarily on the phosphate or the calcium ion is not 
clear; the majority opinion favors the ealchun ion. AVith increased 
activity, the level of the calcium ion in the blood serum is raised and 
that of the phosphate ion depressed. There is an increased outflow of 
both calcium and phosphate through the Iridney while there is sometimes 
a slightly diminished fecal calcium excretion. In hypoparathyroidi.sm 
the reverse of these effects is true. 


The primary site of action of the hormone is not clear. It has been 
suggested that it is in either the kidney or the bone. The best evidence 
against an action in the bone, at least as far as decalcifying the bone is 
concerned, is the clinical finding that hyperparathyroidism exists with- 
out demonstrable changes in the bones, either microscopically or by 
roentgen ray, and that the phosphatase level of the blood serum is more 
often normal than elevated. It is possible that the honnone affects cells 
and that its influence on ion distribution in the body fluids is secondary. 

The reason certain cases of hyperparathyroidism develop decalcifica- 
tion is due to the hormone’s action in increasing excretion of calcium. 
If the intestinal tract is absorbing sufSeient calcium, that is, if there 
is sufficient calcium in the diet, the excess excreted comes from that 
absorbed and the patient does not develop bone disease. If the diet is 
low in calcium, the excretion is at the expense of the bones, which are 
the storehouse for calcium. AVhen the reserve calcium in the trabeculae 
of the bone is gone, the calcium is taken from the cortex. 


•The number of cases dSagnosed at this hospital is due to 
vigilance ot pr. Fuller Albright, ° 


the enthusiasm and 
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It is not \mclevslood why eovtain of those patients whose bone reserves 
are called upon to feed the disease process develop the complicated, 
distorted picture of osteitis fibrosa cystica instead of simple deealeifica- 
tion or osteoporosis. Possibly a greater rajiidily of removal of calcium 
with overactivity of foreign body giant cells has something to do with 
the giant tumor formation .so characteristic of this specialized form. It 
is also possible that conditions affecting the regeneration of the bone 
matrix, such as the lack of sex hormone after the menopause, swing the 
balance in favor of osteoporosis. 

Since kidney stones may be a complication of hyperparathyroidism, 
it is imperative for physicians to understand the disordered physiology 
of the disease in order to differentiate stones due to hyperparathyroidism 
from those due to other causes. As has already been suggested, the 
elevation of the calcium ion causes decrease in muscular tone. (This is, 
of coui-se, the reverse of the tetany occurring witli hypoparathyroidism 
and decreased calcium ion in the body fluids.) This decrease in tone is 
associated with a lack of vigor and lassitude and often not appreciated 
by the patient until the offending gland has been excised and well-being 
returns. There may be mild, bizarre gastrointestinal complaints, per- 
haps with constipation. But usually the patient feels perfectly Avell and 
may be surprised at attention to anything but the presenting renal stone. 
Fatigue exists "with greater elevations of the blood calcium. The polyuria 
and polydipsia are unpredictable symptoms; the physiologic basis pre- 
sumably is the same controlling that in diabetes mellitus except in those 
patients Avho have developed impairment in renal function. 

The commonest renal symptoms of the disease come from calculi. The 
increased output of calcium by the kidney results in supersaturation of 
the urine. The calcium precipitates out usually as a phosphate salt 
since the phosphate ion is always in excess; this is particularly true if 
the urine is alkaline when the phosphates are most insoluble. On the 
other hand, if oxalate is present, calcium oxalate maj"^ be formed. This 
is more likely when the urine is acid and the oxalate the more insoluble. 
Stones, therefore, may contain one or other salt, or mixtures, but always 
calcium. The precipitation may occur anywhere in the urinary tract. 
If it occurs in kidney substance along the tubules, gradual impairment in 
renal function occurs. If it takes place in the lumen of the tubules, cal- 
cium phosphate casts result. The finding of such granular casts in the 
urine is presumptive evidence of hyperparathjToidism." 

If the precipitate starts in a caljoc or pelvis of the kidne}’-, stone forma- 
tion results. The smnptoms are those of any stone in this position ; the 
stones frequently become dislodged and pass into the ureter with serious 
consequences. Primary bladder and prostatic stones have been observed 
in our eases. Presumably these were due to the presence of urea- 
splitting organisms. The ammonia fonned by the bacteria alkalizes 
the urine at this level and causes precipitation of calcium phosphate. 
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CASE REPORT ILErSTRATING DIFFEREKTIAL DWGNOSIS UICTWEEN PRIMARY AND 
SECONDARY HYPERPARATHYROIDISM 

Case 68.’ — A man, aged 68 years, first entcied the hospital April 27, 1940, to 
receive roentgen-ray therapy to a hasal-ccll carcinoma of the scalp. Tlie scalp 
lesions had been noted eleven years previously and had been treated elsewhere by 
excisions with grafting, and radium. He had additional complaints; for the pre- 
vious one and one-half years, weakness, especially of the legs, had been progressive, 
and for the previous few months the patient liad been bedridden. Neurologic study 
showed no reason for the weakness. 



Fig. 1. — The parathyroid adenoma and the three uninvolved parathyroid glands 
found post mortem in Ca.se 68. The specimens are photographed on a diagram in 
their relative positions to the th^Toid. Arrows point to the two lower glands. 


Soentgenograms . — Lateral roentgenogram of the skull showed diffuse small 
rarified areas; that of the chest was negative. The spine and pelvis were diffusely 
decalcified with a single oystlike area of destruction in the second lumbar vertebra 
and another in the crest of the ilium. A diagnosis of multiple myeloma was made 
from the roentgenograms. 

Chemical studies of blood and urine failed to reveal the Bence-Jones protein or 
the elevated serum protein expected in multiple myeloma. The blood serum calcium 


io i'5’P5'^’’^^Ati'Yroidism of the Massachusetts General Hospital senes 
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k'vol was n,2 mj*. pt'r lOn c.t'., M'rnm pho^i>honis 5,;’. ins., pliospliataw 17.1 units 
(Bodaiisky). TJicrc uns ji imnlorafo amount of calcium in the urine, a specific 
gravity not higlicr tlian l-Oltl, aiir} inlermillcnt alluimin. Piicnol.suIfonephtli.aJoin 
excretion was only HI to 12 per cent in two hours. A tentative vliagnosis of pvi- 
niary hyperparathyroidism with .secondary iinpairiiient of renal function was made. 

Further roentgen-ray .study sliowed deealcificat ion of the hones of the cxtrcinities 
with an irregular moth-eaten appearance of some of the finger phalanges and meta- 
carpals. A diagnosis of Jiyporparalhyroidism was made from the roentgonograms. 
Additional eiieniical studies .sliowod a hlood ‘■eruni calcium level varying hefweon 10.0 
and 11.3 mg., phosphorus 4.7 to 5.(1 mg., phosphatase 10 to 22.5 unit.s. There na,s 
a persistently high hlood ehloride level from 107 to 11.5 mcq./l and low CO^ of 10 
to 24 nicq./l. 'I'lie .serum protein was 0.4 Gm., nonprotein nitrogen 20 mg., and 
uric acid O.G mg. 

A biopsy of the skull was decided upon hut on tlic way to the operating room the 
patient vomited a largo amount of blood and went into collapse; no bone was re- 
moved. The patient vomited blood on several other oecasion.s. Gastrointestinal 
roentgen-ray studies were negative. Free acid was present in the gastric juice in 
normal amounts. 

The medical service decided that the patient probably had primary renal dis- 
ease with secondary hj-perparathyroidism. The surgical service, on the other hand, 
judged the hj'perparathyroidism to he primary, basing fiic decision on the slightly 
elevated serum calcium level (11.3 mg., the highest). Had the parafJiyroid over- 
activity been initiated by tlie phosphate retention, the calcium level should stiil 
have been below normal (see under Secondary Hyperparathyroidism). Operation 
was not advisable, however, since the renal disease had progressed to such an extent 
tliat some degree of hyperparathyroidism was thougiit necessary to maintain the 
calcium level. The elevated phosphate level would depress tlie calcium once any 
tumor was removed and the other parathyroid glands would undergo secondary 
hj-perplasia. One form of hyperparathyroidism would be exchanged for another. 

The patient was discharged and followed in the outpatient department. Sodium 
citrate was prescribed for the acidosis. The patient accomplished a shift in chloride 
and CO^ back to normal at intervals. Clinically tho patient was stronger but de- 
calciiication, as judged by roentgenograms, progressed. The blood levels of cal- 
cium, phosphorus, and phosphatase continued in the same range. 

Finally, May 15, 1942, the patient re-entered the hospital with a diagnosis of 
pyelonephritis from which he succumbed, June 6, 1942. 

At post-mortem examination, a tj-pical, brown, encapsulated adenoma of the 
right upper parathyroid was found, measuring 22 by 0 mm. and weigliing 2.4 Gm. 
(Fig. 1). The three other glands were normal in size, shape, and color. The cal- 
varium wa.s thin and flexible, bending like a hoop; giant cell tumors were grossly 
recognizable. The ilium contained a large cyst; elsewhere it and the spine were 
osteoporotic. The ribs were extensively decalcified and were cut with ease. 

Tho kidney parenchyma had been severely damaged. Nowhere did the cortex- 
measure more than 3 mm. in thickness. Tho corticomedullary margin could scarcely 
be made out and the pyramids were small and di.storted. The calices of the right 
kidney acre dilated. In the cardia of the stomach were two small leiomyomas. 
Microscopic sections of the lungs showed pathologic calcification. 

This patient iliustrate.s the diffictilty of maicijfg tiie diffci-eiitial diag- 
nosis between primary and secondary hyperparatJiyroidism izi the pres- 
ence of impaired renal function. He proved to have the primary foim 
of the disease, since lie iiad an adenoma and tliree uninvolved glands. 
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Unforlunatoly, making tlie diagnosis in iliis rase was only of academic 
significance. 

Benign Tumor ^Yi^hou^ JI gperfwwiion . — No case of a benign tumor 
of a parathyroid gland "not associated with an exce.ss in onlinit of hor- 
mone has been repoi’ted. It is possible that they have been overlooked, 
have been thought to he thyroid, or have not been I'oported. That the} 
occur is suggested by a patient operated upon in this hospital^ and bx 
the occasional finding' at post mortem of small adenomas.'" In neither of 
these in.stances, however, could pve-existing hyperjjarathyroidism be 
excluded, for the pre.sence of a parathyroid tumor had not been suspected 
before either operation or death and the appropriate chemical studies 
had not been made. 

M. G. H.'-- (H. tSTo. 221018). — A \vom;m, agotl 70 yoar,':, was admitted to tlic 
hospital in October, lO.IO. witli a diagnosi.s of intestinal ob.stnuition. She had had 
"bilious" attacks since childhood. Five months before entry she had first noticed 
a lump in the left lower abdomen which had persisted. Recently she had noticed 
cramps radiating down the left leg associated with nausea and vomiting. There was 
also constipation. Abdominal examitmtion was negative. Gastrointestinal studies 
.were entirely negative. A nodule in one side of the thyroid was found. Roent- 
genogram of the chest showed old healed apical tuberculosis but no metastases. 
Roentgenograms of pelvis and spine wore also negative for metastases. 

At operation the "thyroid” lump was found to be a parathyroid adenoma measur- 
ing 6 by 3 by 3 cm. It was e.xcised and consisted almost entirely of pale oxyirhil 
cells; there was no evidence of malignancy. 

On the fourth postoperative day a blood scrum phosphorus determination was 
3.8 mg. per 100 e.c. Before operation the blood nonprotein nitrogen was 2.3 mg. 
per 100 C.C., chloride 96 meq./l., and serum protein 7.2 Gm. Ao other blood studies 
were made. She was discharged home on the seventh postoperative day. Seven 
days later she suddenly died of heart failure according to her family physician. 

A paratliyroid tumor wa.s not suspected preoperatively and the chem- 
ical studies necessary to exclude h.yper function were, tiierefore, not 
made. It is probable, however, since there ivas no clinical tetany after 
removal of the tumor, that hyperfunction did not exist. This lielief is 
strengthened by Castleman’s opinion that the presence of pale oxypliil 
cells in large numbers in an adenoma indicate nonhyperfunction. 

The tumors found at post-mortem examination by Ca.stleman and 
Mallory'" were minute, far too small to be appreciated clinically. Since 
all parathyroid glands are not examined at every postmortem examina- 
tion at this hospital, we have no accurate idea of the incidence of such 
benign tumors. 

M(di(jnant Tumors . — Malignant tumors arising in parathyroid tissue 
have been reported but they are rare. Some twenty-two eases are re- 
ported in the literature ; a good many of these are open to question since 
the de scriptive details are meager. It is possible that the tumors 

*I am inOebted to pr. llarshall 1C. Bartlett for permission to report this case 
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from that associated with neoplasia of the parathyroids. All of the 
characteristics of the hyperparathyroidism due to adenoma with hone 
and renal complications have been encountered in the seven eases due 
to hypei’plasia. Search for otlier hormonal diffcrence.s, such as in- 
creased pituitary hormones in the urine, have so far proved fruitless. 
Since this disease tJTC is difCiise and involves all of the parathyroid 
tissue present, presumably the original stimulus is different from that 
causing neoplasia or localized disease. 

The primary hyperplastic gland is grossly distinguishable from the 
adenoma. The surface contoui-s are more irregular, often with deep 
sulci and irregular peninsulas. The color is also a deeper brown. 

On microscopic section the cells are all of one type, the AVasserhelle 
or clear cell. There is no fat in the glands and the parathm-oid cells 
are usually concentrically arranged with nuclei near the periphei-y. 
These cells are large and distended and measurements by Albright show 
that individual cells are as much as .sixty times larger than those of 
the normal gland, ilitotic figgires are rare and Albright feels that these 
eirlargements represent hypertrophy, enlargement of the individual cells, 
rather than hyperplasia, increase in number of cells.’" Castleman’® 
says Albright’s concept may be right but the necessary meticulous 
and time-consuming microscopic measurements and counts have not been 
done. 

The gross appearance of these primary hyperplastic glands is suffi- 
ciently characteristic to be recognized at operation. It is rvise, how- 
ever, to cheek the gross observation with frozen section. A pathologist, 
trained in this work, can readily recognize the concentric, vacuolated 
cell. 

Secand<iry Hyperplasia T iili Hypcrfunciion . — The type of hyper- 
plasia which occurs in response to increased physiologic demand is 
grossly and microscopically different from the primary type. In the 
first place the enlargement is not as great. In vitamin D deficiency 
(rickets in the child and osteomalacia in the adult), and in pregnancy, 
the hj-perplasia of the epithelial elements is mild; grossly the enlarge- 
ment is not more than turn to foiir times the normal. Tliere is no dis- 
tortion of shape or pseudopod formation. Since the enlargement is not 
great enough to eliminate the fat cells by compression, the color remains 
nearly the light brown of the normal gland.* Following long-standing 
nephritis, this secondary hyperplasia may continue initil the individual 
gland weighs thirtjTold the normal. 

The microscope shows the hyperplastic cells to be entirely chief cells • 
no water-clear cells are seen. 

A mild degree of secondary hjT5erplasia may be difficult to recognize 
gi’ossly (or even microscopically on frozen section) at operation. Lone 
training at the post-mortem table is necessaiy. 


1 .T’® nymal parathyroid gland depends upon the proportion of 

contained within the gland capsule. The parathyroid en^thluoi 
cells are brown. The fewer the fat cells, therefore, the brorroir the Japd. ^ ' 
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Adnwma ]YHhont ][ypcrfnnc1ion.— The ntleiiomn wilhout liyperfniic- 
lion differs in no way <!:rossly from (hal forming- an excessive seereiion. 
The one lai'ge and few small adenomas of this tyjie wliicli liave been 
cneounlered in this hospital have shown nonvacnolalcd epithelial cells, 
usually of the pale oxyphil type; no fat was ])resc>nt between the 
epithelial cords. The large adenoma removed by Bartlett at operation 
weighed 23 Gm. The small ones recovered at the post-mortem table have 
been scarcely large enough to be recognized grossly. 

Adenoma With Jlypcrfwiciion . — Benign neoplasia or adenoma is the 
common pathologic type encountered in primary hyperparathyroidism. 
Seventy-one of the seventy-eight proved cases at the IMassaehusetts 
General Hospital were of this type. Usually the adenoma is single, in- 
volving only one of the four ])aralhyroid glands. Five of the seventy-one 
patients, however, have proved to have two adenomas, one in each of 
two glands. The adenomas vary considerably in size; several of them 
have been very small, two of them were ]iot more than 2 mm. in diameter 
and occupied only part of the space within the gland capsule, the re- 
mainder of the tissue being nonnal. In such cases the adenoma may be 
hard to recognize, for the presenting surface of the gland may be normal 
tissue. 

It is not until the gland is turned over or cut into that the darker 
brown of the adenoma ndthout fat cells is recognized. "With increase in 
size, the normal tissue is apparently destroyed by compression within 
the capsule. With their browner color, the larger adenomas are readily 
recognized. The surface is generally smooth and pseudopods are rare. 
The color varies from light, to dark, to greenish brown. Sometimes there 
are small cysts within them. The largest tumor in this series weighed 
53 Gm. (Larger tumors have been reported.’^) The size of the 
adenoma is roughly proportional to the elevation of the blood calcium 
above normal. 

Microscopically, adenomas have been found to contain all of the var- 
ious cell types. Some are composed of one tji:)e alone and others of 
mixtures. Fat cells in the stroma are rare. 

Carcinoma . — No ease of carcinoma of the parathyroid gland has been 
I'ecognized at this hospital. That such malignant tumors do occur has 
already been alluded to and reference should be made to the reports of 
Meyer, Rosi, and Ragins” and Hall and Chaffin.^ It is probable that 
such malignant tumors are rare since it is difficult to imagine that a 
cancer Avould be overlooked even in a routine post-mortem examination 
where no effort is made to identify the parathyroid glands. 

It is possible that the relative incidence of malignant to ironmalig- 
nant neoplasia is the same in both the parathyroid and thjmoid glands. 
Carcinoma of the thyroid is not infrequent but abnormalities of the thy- 
roid gland are probably far more numerous than those of the parathy- 
roid. It lias been denied that carcinoma of the thyroid can be associated 
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Yith liyperseerelioii. Certainly in the case of tlic parathyroid, car- 
cinomatous tissue can secrete an excess of hormone. 

Airophy . — Primary atrophy Avith liypoparatliyroidism is a clinical 
curiosity, InU secontlaiy atrophy of the uninvolvcd "lands in the pre.s- 
ence of a liyperfunctioniii" adenoma is common and of direct clinical and 
surgical importance. If an atrophic gland is uncovered at operation, the 
atrophy points to the presence of a hyperfunctioning adenoma in another 
gland. This secondary atrophy, or atroidiy of disuse, can be recognized 
grossly by the surgeon. 

The atrophic glands are not only smaller than the ox])eetcd normal 
but the color is yellower since the airophy affects the epithelial and not 
the fat cells. In the presence of a long-.standing. active adenoma, the 
atrophy may proceed to such a degree that grossly the uninvolved 
atrophic gland resembles fat and is recognized only by its capsule and 
characteristically arranged blood .supply. A piece of one such gland 
Avas removed for biopsy and the microscopic sections shoAved complete 
absence, or atrophy, of epithelial elements. i\lilder degrees of atrophy 
may be harder to recognize both grossly and microscopically because 
of the A'ariation in fat content of the normal gland. 

Bone and Kidney . — Bone and kidney are not endocrine tissue but 
are the .structures most commonly affected in the complications of hyper- 
paratliAToidism. The reader is referred to the article by Jaffe on osteitis 
fibrosa cystica generalisata’® for an account of this specialized type of 
bone pathology. It .should be recalled, h.oAA'ever, that diffuse osteoporosis 
or deealcification also folloAvs oA’craclh-ity of the parathyroid gland. 
No adequate description of this pathologic type has appeared; a report 
by Albright and co-Avoi'kers"® contains certain thoughts on this subject. 
The pathology of the kidney, .secondary to hyijerparathyroidism, is 
briefly described by Albright and his associates.^' 

Pathologic calcification occurs elscAvhere in the body in severe eases 
of hyperparathyroidism. Calcification of arteries is not infrequently 
seen by roentgenogram. In the IMassachusclts General Hospital series, 
calcification of the gastric mucosa AA'as found post mortem in Case 6, and 
of the lung in Case 68 (see case report in this communication). Such 
calcification has been demonstrated in experimental animals AAOth para- 
thyroid poisoning. 

TREATIMEXT 

It is not the purpose of this article to deal in detail Avith treatment. 
For a complete discussion of this aspect of the parathyi’oid problem, 
reference should be made to the other articles from this ho.spital. 

IMedieal therapy in the form of a high calciAim diet has been suggested 
for hyperparathyroidism. It is true that the bones can be recalcified-' 
in the presence of the active parathyroid disease but kidney damage is 
accelerated. ith the increased intake of calcium from the intestinal 



KXLAI!(iEMKN"r.S OK rAKATlIVKOIB (5UAXI)S 


2S7 


corn : 


tract the hones are spared l)nt the load of tlie kidney is inidtijdied. 
Rapid caleifieation of renal tubules and stone forinalion may result in 
progressive impairment of renal function. Stones can he removed ])ut 
the impairment due to renal calcification has. in our exiiericnce, proved 
irreversible. 

Roentgen-ray treatment in hyperparathyroidism has been ineffectual; 
this is di.scussed in detail el.sewhere.-- The use of irradiation in the 
treatment of carcinoma of the parathyroids has not been reported. 

The treatment of parathyroid enlargements, tumor or hyperplasia, is 
surgical. If a tumor is not accompanied by disordered function, it 
should be excised with capsule intact. If the tumor is malignant, radical 
excision including the area of lymphatic drainage is indicated. The use 
of postoperative irradiation should be considered. 

If hyperparathyroidism is present there arc sjmeial considerations 
which should guide the surgeon in his attack. These have been fully 
described elsewhere.^^ The operation may have to be divided into two 
stages (10 per cent of cases). Subtotal excision of piamary hyperplastic 
glands is always indicated, and of an adenoma, in the presence of ex- 
tensive bone disease, sometimes. 


SUMMARY 

Enlargements of the parathyroid glands are not uncommon. Those 
associated with hyperfunetion are elinically the most important. The 
endocrine considerations of the hyperplasia and tumors causing pri- 
mary and secondary hyperparathyroidism Jiavc been discussed. A 
case of hyperparathyroidism Avith severe renal damage is described to 
illustrate the difficvdty in differentiating betAvecn primary and sec- 
ondary hyperparathyroidism, and also to emphasize the renal complica- 
tions of this disease. A functional classification of the pathology of 
parathyi’oid enlargements is given. The clinical types of hyperpara- 
thyroidism encountered in the seventy-eight cases of the Massachusetts 
General Hospital series are given in table form. The treatment of para- 
thyroid enlargements is siAi'gical. 
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IlYPERINSULIiVISM IN KBLATION TO PANCREATIC 

TUTORS 


Allek 0. Whipple, ]\LD., New York, N. Y . '' 

(From tlw Department of Surgery, Columbia University) 

T he endocrine function of tlie pancreas in carbohydrate metabolism 
is now well established but tlie story of the development of our 
Iniowledge of the internal secretion of islet cells is a long one. In 1788, 
Cawley^ reported’ tlie autopsy findings of pancreatic calculi in a patient 
dying of diabetes mcllitus. This was perhaps the first time that the 
pancreas was suspected of having an etiologic relationship to diabetes. 
Claude Bernard^ discussed gb-^cosuria and hyperglycemia, in 1856. In 
1869, Paul Langerhans,^ while, still a medical student in Berlin, pub- 
lished his remarkable histologic studies of the pancreas in his in- 
augural dissertation. Using the transillumination method in living 
tissue, as did Lister^ in his study of inflammation and recently revived 
b}^ Knisely° in the study of the spleen, Langerhans described the sev- 
ei’al types of cells and tissues in the panei’eas, and by his' original 
method of dye injections showed the acinar gland tissue to be separate 
from islet tissue. 

These collections of cells, which he termed “unser zellen,” were 
given scant notice. In 1884, Arnozan and Vaillard® ligated the ducts 
of the pancreas and noted an atrophy of the acinar tissue and the per- 
sistence of islet cells, but did not attribute any significance to these 
cells in the fact that the animal did not develop a diabetes. 

In 1890, von Mering and Minkowski" proved experimentally that a 
fatal diabetes can be produced in animals by total pancreatectomy. 
Two years later Minkowski® earned out an even more conclusive ex- 
peiiment. He successfully grafted pancreatic tissue subcutaneously. 
In the same animal the remaining pancreas was excised later mthout 
the development of glycosuria; but on removal of the graft the animal 
died of a rapidly developing diabetes. An endocrine function was 
postulated but the exact tissue involved was not proved. 

In 1882, Kiiline and Lea® described the capillary network surround- 
ing the collections of islet cells, but did not contribute to the morphology 
of the cells themselves. In 1893 appeared the first report of a very i-eal 
student of the endocrine function of the pancreas. In this report 
Lagues.se’® discussed the islet cells and generously called attention to 
their discoverer and named them “les ilots de Langerhans.” He de- 
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scribed the histolosiv of the cells. inchKlin;i the "raimlcs, and tlio capil- 
lary network, and suuoested tlic possil)ili1y of an endocrine function of 
these cells. 

In 1895, Schiifcr” called attention to the evidence in favor of an 
internal secretion of the ]iancreas as shown by fatal diabetes wilh total 
pancreatectoiny while a total external fistula I'c.sultod in no diabeie.s. 
In 1900, .S.sobolew,'= as a re.siilt of duct libation experiments with ]K'r- 
sistent islands, predicted that the study of the chemistry of the.se iso- 
lated islands would place oi''>:anothera 3 )y in disibetes on a rational basis. 
He even advised the use of newborn animals (calves) in which the 
i.slands are well developed in comparison Avilh tlie acinar ti.ssue, and 
made the followin«- prediction; “We ai'C justified in the hope that in 
the near future the question will be decided Avhether or not this method 
of approach will succeed in relieving the ills of the diabetic patient.” 

During the next tAventy years a number of investigators AA-ere very 
near the crucial demonstration of this mternal secretion, but failed’ be- 
cause the extract of the islet tissue Avas not used in sufiicient amount in 
a totally pancreatectomized animal Avith diabetes, or because of im- 
purities in the extract. It remained for Banting and Best’" of Toronto 
to demonstrate to an ex])eetant AA'orld. by positive and conclusive cx]Aeri- 
mcntal physiology, that islet ti.s.sue has an internal .secretion, since 
named imsulin, and that it can l)e u.sed siicee.ssfull.A' in the conti-ol of 
diabetes. Their epoch-making: announcement Avas made in 1922.’’'- “ 

During this period of 1900 to 1922 a number of contributions Avere 
made in the histologic field. Opie,’'’ in 1901, dcseri1)cd hyaline chan.ges 
in the islet cells of diabetics. In 1906 and 190S. Lane,’*'’ by special 
technique, demonstrated tAVo types of granule-containing islet cells and 
called them the alpha and beta cells. Bensley.’' in 1912. de.scribed a 
A'ital staining technique for counting the islands in the guinea pig and 
demonstrated that islet cells are deriA'cd from duct ei>ithelium. 

Homans'® studied experimental diabetes and, in 1915, shoAved change.s 
in the beta cells of the islands. After the discovery of insulin Copp 
and Barclay,"' repeating Homan’s experiments, demonstrated that ad- 
ministration of insulin restored the exhausted hefa cells. 

In 1930, O'Leary,-" u.sing transilhimination in the pancreas of the 
mou.se fed Avith glucose, Avas able to see A-acuoles form in the islet cells. 
These vacuole.s migrated to the periphery of the cells next to the capil- 
laries into Avhich they apparently di.sappeared by diffusion. 

P.ATHOnOGY OF I.SLF.T TISSUE 

The .study of degenerative changes in the pancreas in diabetes began 
AA’ith Hanseman's-' import, in 1894, on fibrosis and atrophy of the pan- 
creas in diabetic patients. BsoboleAv 's'- obsei-A-ations and Opie'-s,’-"’ AA'hieh 
AA'cre made independently, have been mentioned. Homan.s,'® in 1915. 
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(loscrihed cluiniios in exporinionhil di!il)otcs in tlic (loin's pancrens c*on- 
finetl to the hria (‘oils of the islands. 

. It was not until the sipniticaiu'c of the islands as in.sulin-])i'odiU‘ing 
cells was understood, and not before the .syndroJiie of insulin .shock was 
ai)preciated. that the islet-ccdl tumors or liyiu-rpla.sias I'eceivcid any at- 
tention l)y the jiathologisls. Iji 1902, Nicholl.s"" desci'ihed the first of 
these tumor.s. hut gave no clinical history. S.soholcw,”-' in 1904, was the 
first to report a hypcrti'opliicd Lsland in the auto]).sy of a diabetic. 
Ilerxlicinier.-' in 190.O. and MacCalluin,"'' in 1907, de.scrihed similar 
findings. In 1920, Duhreuil and And(U‘odias=^‘ made a most intei’csting 
autop.sy report on the hyiiei'troidiicd islands of a newborn infant of a 
diabetic mother. 

Even as late as 192(i. four years after the discovery of insulin, only 
sixteeii islet-cell tumors had been de.scrihcd. In that year AVarren-' 
reviewed thc'se and four of his own cases, hut no jdiysiologie signifi- 
cance was attached to these growths. In the same year Gray and 
Feein.ster=® described the hypertrophiod ish-nids of an infant horn of a 
mother with diabetes. The child died of convulsicms shortly after birth. 
Shortly after the ijhenomcnon of overdosage of insuliii hegaii to be 
observed by those who were using insulin to treat ])atients with diabetes, 
Seale Harris of Birmingham, Ala., noted very much the same s.vndrome 
in patients showing a hypoglycemia and tlie idea occurred to liim that 
overactive islet tissue, either as hyperplastic or neoplastic cells, might 
explain the clinical picture which he had observed in these patients. 
Harris discussed this possibility Avith Banting who agreed with liim 
in his hypothesis, and jiuhlished his report-’* entitled “ Hyperinsulinism 
and Dysinsulinism, ” in 1924, Three years later a physician suffering 
with the syndrome of severe insulin .shock went to Rochester, Minn., 
and Avas studied by AVilder and his a.ssociates.”'* The patient AA^as op- 
erated upon, by AA^. J. ilayo, avIio found a tumor of the pancreas Avith 
metastases to the liver. The biopsy shoAved an islet-cell tumor. Several 
Aveeks later aiitopsy revealed the same tumor and a biologic assay of 
the liA'er metastases shoAved large amounts of insulin in tlie tumor tissue. 

In 1929, Graham of Toronto removed for tJie first time a benign 
adenoma of islet tissue from a Avoman Avho bad been studied by Hoav- 
land and his associates.-^' The patient Avas immediately relieved of her 
symptoms and has remained AA^ell to date. This initiated a ncAV and 
the latest phase of endocrine surgery, a tyjie of surgery requiring the 
skill in diagnosis and operative technique preAuously demonstrated in 
the removal of tumors or hyperplasias of the thyroid, pituitarAq adrenal, 
and parathyroid glands. 

Since 1929, Avell over 149 islet-cell tumors IiaA-e been found in pa- 
tients shoAving hypoglycemia, some by surgeons, the rest by pathologists. 
Of these tumors, 106 Avere pronounced benign adenomas, 28 question- 
ably malignant ; in 15 cases the tumor’s AA-erc unquestionably malignant 
because of metastases to the liver or adjacent lymph nodes. 
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At this point it should he slated that hypoglycemia may occur, with- 
out any demonstrable lesion in the j^anereas, and that tumors, having 
all the morphologic characteristies of islet-cell growths, may be found 
by the surgeon or pathologist, without any of the symptoms or lab- 
oratory findings of the hj-poglycemic state. Furthermore, the size 
of the tumor in eases of hypoglycemia does not necessarily determine 
the degree of insulin shock. But the carcinomas of islet tissue with 
metastases always show severe sjnnptoms and very low fasting blood 
sugars. 



Pig. 1. — Two islet-cell tumors from same patient removed at one operation. 

In general these islet-cell tumors are small, averaging 1 to 2 cm. in 
diameter. The largest tumor, one reported by Brunschwig,““ measured 
15 by 13 by 10 cm. but did not show more severe symptoms of hypo- 
glycemia than many other tumors of 2 cm. diameter. The largest tumor 
removed by the tvriter (3 cm. in diameter) was palpable before operation 
and was considered to be a tumor of the pylorus because of x-ray studies 
and showed no s 5 "mptoms of hypoglycemia. These tumors are more fre- 
quently found in the tail or bod.v of the pancreas where islet tissue 
is more abundant. But enough of these tumors are found in the head 
of the panei'eas, in twelve eases in our series, to demand a thorough 
search of the head by mobilizing the duodenum so that the head can 
be palpated between thumb and fingers. Furthermore, more than one 
tumor has been found in hypoglycemic cases. For this reason a thorough 
search of the entire organ after the finding of one tumor should be 
made. 

In the gross the benign tumors are encapsulated, as are many of the 
questionably malignant ones. The.se tumors are usually of a reddish 
to lilac color, as contrasted witli the 3 ’ellowish or ivoiw color of the 
surrounding pancreas, because of their rich capillary network. JIany 
of the tumors show various tj'pes of degeneration, as hyaline and 
fibrous, and some are markedh' calcified. In consistencj" thej* are defi- 
nitely finner than the surrounding pancreatic tissue and feel like en- 
capsulated marbles to the palpating fingers. For this reason they have 
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Fig. 2. — Hyaline degeneiation of islet-coll tumor. 
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Fig. 3. — Adenomatous airangement of islet-cell tumor. 


to be palpated behveen thumb and fingers of the surgeon’s hand if they 
are deeply embedded in pancreatic tissue and not visible on the an- 
terior surface of the organ. 

On microscopic examination these tumors, benign, questionably ma- 
lignant, or malignant, -all sliow cells typical of islet cells, but thej’ 
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'm fjifA'jr.-jjtialJou. Home are 

lypif'ally n<i>-]io}imtoiis^ JiUjjfjj’e'ls <jj' aiij'joinejatf'd islaud-s; 

otIa'/'H l*'h^ 'vejj ‘iifi/'iMii’mtf'fl y/}i}i 1hf‘ /''-]}<, hi flhhotis 

or hi ('oll'^Mioiix of r~Je1 ^'/‘Uh v/hh vmyiii'/ mnoiiiits of de^en- 

eiiit“i] fibrous tiS'.ue; "till oilier-, hi iim qta'sliooably laali'rnaiil srrouji. 
hlio^v I'-'-s <lif)V'je;j)j;j 5 jo/( v/il}) s<im‘‘ Uivus'ioii of the eajisule and the 
]>!c'enci‘ of rd^t rolls hi Jiie euphhity vfs-ojs; mu'l histly ihe rjofinhely 
iniiJii'imih tumor^ hho'.v lyirijih node, liver, and nlhe;- meUisiuhes. 

Id all of liiev' linnni'.s the deiiioiisi rui'ioti of the and hcAa eelb 

refjuij's earej'jji (lifferenihil slains ht freshly removed luinorh and even 
udlh ihe.v" hb-jirih h I'; diffieiih or hnimWibie io demoiiniriiie ihese eeils. 
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lumoiH in Ml. hinh, 21 (o 7(1, »».! die fcHiar 
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It woiilil l)f“ pintifjinjj to fcol th.it suigon hud clinimutud iinligiiiiiit 
m ull thoM' But, of llu“.o ‘-usptM ted tuiiiors, arc llicrr '•oinc 

in which hloml ip'i'-o] inia'-um, demonstrated, means that nictastnscs, not 
dcinnn«tral)l<', were present at the time of remoial of the jiiimuiy "rowtli, 
and wdl these eientualli dcveloji simptoms of lijpeiinsulimsm? 

If one wislies to eonsider the so called "adenoma malifpuim" tjpe of 
carcinoma of the thjroid as possiliU analogous to these well differenti.ited 
islet tell tumors with blood lessp] miasion, then it might be that, like 
the thiroid tumois of this t\pe, distant metastasos might be late aiil 
slow. But the metnstasiring tumois of the tluroid do not gne CMdeiite 
of their piosence by hj perthj roidisni, and it is concenable that eicn in 
small metastatic foci of mlot tell tumors hjpoghtemia might otcui earlj. 
Thus far no leported case has illustrated this^ but it seems a good possi- 
bilit\. How long one sliould wait to feel «e( are about sm h fiimfional 
metastases, and whether one can preduate that sjmptoms should appeal 
eaiB, IS pure speculation. It will be of the utmost importance to follow 
all of these patients with those rare tumors for main >eais, and in the 
c\ent of recurrence, oi metastases aftei appaicnth successful remoial, 
to publish such findings so that clinician and p ithologist will have boiiio 
basis for prognosis. 
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We notv hate 8 of thei>e cases, tvitli death in 1 and follotv-up studies 
in 7 ot them, the postoperative inteival being 72, 48, 24, 14, 12, 8, and 
4 months None of these patients has as ji-et shotvn evidences of leciir- 
rent hypoglj ccmic symptoms, tvhich one tvould expect tvith eten small 
leeurrent giottths ot this type of endocrine tumors 

i\Iore lecentlv Duff’^ has published a compiehensive revietv of this 
sub.iect and leeords 12 cases of islet-cell carcinoma with tumor metas- 
ta&es The leadei inteiested in a more detailed discussion of the gross 
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and microscopic findings in islet-cell tumors in general is referred to 
the reports of Whipple and Frantz, Frantz/'" O’Leary and Womack,"" 
Laidlaw,"' and the most recent article by Duff."" 

THE ORIGIX OF ISLET-CELL TUJIORS 

The gene-sis of these tumors has been studied by Benslej'"® and 
Grauer"® on the basis of the embryology and regenerative process in 
the pancreas. They have demonstrated tliat the epithelial cells of the 
islands in the embryo differentiate from the epitJielial cells of the small 
ducts of the pancreas. This ability of duct epithelium to differentiate 
either into i.slet tissue or normal duets is seen in the adult pan- 
creas that is regenerating after the release of experimental duct 
ligation. This may explain the occa.sional finding of an islet-cell 
tumor without evidences of hj'pcrinsulinism. That is, such a tumor may 
not have taken on the physiology of islet tissue, although having the 
morphologj’- of islet tissue. 

FACTOR-S IK BLOOD SUG.\R JIAIKTEKAKCE 

A very confusing factor in many individuals with the syndrome of 
hypoglycemia is the question of whether or not hyperinsulini.sm is the 
cause of the hypoglycemia. The latter can be measured by blood sugar 
determinations, but the former is not as yet measurable. But hypo- 
glycemia is not ahvays the result of an overproduction of insulin. The 
maintenance of the normal blood sugar level is the result of an inter- 
play of several organs, especially the pancreas, the liver, the hypophj'sis, 
the adrenals, and the thyroid. Carboliydrate ingestion in the normal 
individual, or the withholding of it, does not play as important a part 
in the maintenance of normal blood .sugar level as one would suppose. 
It is certain lesions in the previomsly mentioned organs that cause a 
hypoglycemia. Eegarding the liver, IMann"” in his experiments with 
complete and partial removal of that organ has proved the essential 
role of the liver in this respect. Bodanslvj-,"" Underhill,"" and Sprague"" 
have demonstrated the effects of liver damage in the maintenance of 
normal blood sugar. 

Of equal significance is the work that has been done in showing the 
role of the anterior lobe of the hypophysis in the maintenance of the 
blood sugar, especially that of the Argentinian Hou.ssa3'."" Hj^pophj^sec- 
tamj' causes a marked fall in the fasting blood sugar, as well as a 
marked sensitivitj- to insulin in.jection. In a totallj^ depanereatized 
animal with diabetes, removal of the anterior lobe of the li.ypoph3^sis 
will prolong the life of the animal and even gl.vcosuria maj^ disappear. 
Young"" has been able to produce experimental^ a permanent diabetes 
in dogs bj' the injection of an extract of anterior pituitaiy lobe, but 
he considers this a somewhat different tj’^pe of diabetes from the pan- 
creatic varietj’. 



Wini'l’Li:: HYlT.HlNSUIilNlSM ANO PANCHKATU: TrMOUR 297 

I’hal there may be an intermediavy action l)y the adi-enal cortex on 
the anterior lobe of the hypophysis in its influence on carholiyclratc 
metabolism is strongly snsjrested by the studies of Lon;i and Ijukens.'"' 
AVomack^' sugp:osts that the action of the sympathetic system and the 
thyroid gland in the maintenance of blood siigar levels is simihu- to that 
of the adrenal medidla in mobilizing sugar fi’om the liver. 

It is obvious that the hypoglycemic state reejuiros a carethd search 
for the cause of the low blood sugar and that hyperinsulinism must not 
be assumed to be the caiise until lesions or disturbances in the liver, the 
pitrrilary, the adrenals, and the thyroid have been ruled out. In liver 
lesions causing hypoglycemia the patients are gravely ill and show 
other obvious signs of liver damage. Similarly the cases due to 
adrenal disease arc not easily confu.scd with hyperinsulinism, for the 
patients are usually seriously ill with Addison’s disease or show signs 
of adrenal tumor. The low blood sugar levels associated with hy- 
pophyseal lesions arc likely to cause more confusion, but they ai'e usu- 
ally associated with tumors causing headache and with visual field dis- 
turbances, and show x-ray evidence of widening or dc.struction of the 
sella turcica. In cases of hypoglycemia with hyperthyroidism the basal 
metabolism rate is apt to be lower than in other cases of Clraves’ dis- 
ease and these patients may develop a thyroid storm after the removal 
of air islet-cell tumor. For this reason a basal metabolic determination 
should be done in all cases of suspected islet-cell tumor, and if the rate 
is above 15 the patient should be given a course of iodine therapy as 
in prepai’ation for a thyroid operation. 

Finally, cases of epilepsy may mimic the syndrome of hyiierin- 
sulinism, because of the occurrence of “fits” or “spells.” Electro- 
encephalograms have proved of the greatest help in differentiating the 
epileptiform attacks from those seen in hyperinsulinism. 

THE SYNDROME OF HYPERINSULINISM DUE TO ISLET-CELL TUMOR 

Hypogtycemia due to hyperinsulinism may be the result of over- 
production of insulin by overactive normal islands, by hyperplastic 
islands, or by tumors of islet cells, or it may be due to an overdose of 
insulin. The syndrome of hyperinsulinism is as varied in its man- 
ifestations as is insulin shock, for they are the same. 

The “attaclvs,” “fits,” or “spells,” as they are spoken of by the pa- 
tient or his family, are extremely variable in their manifestations in 
different individuals but as a rule maintain the same general pattern, 
varying in severity, in the same individual. AVilder^® has ivisely grouped 
the nervous manifestations of these attacks under three main headings : 
Those relating to disturbances of the vegetative nervous system, ap- 
pearing as nausea, sweating, pallor, flushing, chilliness, .syncope; those 
related to the central nervous system, manifested by restlessness, tonic 
or clonic muscle spasms, opisthotonos, convulsions; and lastlv those 
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manifestations less readily loealizablc under the heading of psycliic 
disturbances such as apprehensiveness, confusion, disorientation, mania, 
unconsciousness, and coma. 

Less frequently associated with these “attacks” are digestive dis- 
turbances and al)dominal pain, at times so severe as to be mistaken for 
lesions requiring surgen*. Harris''® and Bickel®” lun’e called attention 
to these gastrointestinal manifestations: 

1. The “attaclvs” come on characteristically in the early morning 
during the fasting period before breakfast or after severe mental or 
physical effort when the sugar reserves are low 

2. During the “attacks” or “spells’ or after a fast of twelve to 
twenty-four hours the blood sugar levels are always below 50 mg. per 
cent; and finally 

3. The victims of these spells are brought back to a normal state, 
that is, recover from Avhatever their “ijattern’’ may be, on the admin- 
istration of sugar by mouth or by vein. 

This essential triad which we finst emphasized in our report published 
in 1938®^ has been corroborated in practically all of the subsequent 
cases and the triad has come to be considered as a sine qua non for the 
diagnosis of hyperinsulinism due to an i.slet-cell tumor. Because we 
have adhered to this rigid criterion we have found a tumor in 27 of the 
32 patients upon whom we have operated for the hypoglycemic state. 
This is a much higher percentage of positive findings than that reported 
from any other series of operations. In only 1 of the 5 patients we ex- 
plored without the finding of a tumor was the triad typical. In the 
other 4 we had made reservations regarding tlie diagnosis and were 
doubtful of the presence of a tumor. 

THE DIFFERENTLVL DIAGNOSIS OP I.SLET-CELL TUMOR WITH 
HYPOGLYCEMIA REQUIRING SURGERY 

In many cases of h^-poglycemia surgical therapy is cither not re- 
quired because the symptoms are controlled by conservative measures 
or is contraindicated because the hypoglycemia is due to causes other 
than islet-cell tumor. These have been discussed under the last head- 
ing. 

In the study of these cases in which tumor was suspected the estab- 
lishment of the triad depends upon certain laboratory studies, the most 
important being at least three fasting blood sugar determinations, for 
it will be found that these levels will vary. If after twelve hours the 
blood sugar is not below 50, a longer fast should be given, under siiper- 
wsion, to make sure the patient is not taking any food. These fasting 
blood sugar determinations are by far the most important of the lab- 
oratory studies. The glucose tolei’ance test is only misleading in its 
information. It is more of a liver function test and should be reserv'ed 
for the period during vdiicli the electroencephalogram jiattern is being 
studied. 
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THE SURdOAl, THKKAVY EOR ISUET-CEUU TUMOR 

For tlie c'xljiljUinp: tin; lypicnl trijid oiid in M-hoin Iiopatic, 

pitoUTvy, adrenal, thyroid disease and epile]-)sy have been ruled out, 
surgery is definitely indicated. Tlie lliree cliief reasons for not con- 
tinuing conservative therapy arc; 

1. Continuous administering of sugar and carbohydrate to control, 
but not cure, recurring insulin shock in these cases usually results in 
great obesity and ndien finally surgeiy is advised as a last i-esorl, the 
patients have become a bad risk and a very difficult technical ])roblcm 
for the surgeon. Twenty-four of the 32 patients reported from this 
clinic were obese at the lime of operation and several of them e.xcc.ssively 
so, one weighing 233, one 240, and one 278 pounds (I'fig. 6). 



Fig. G. — A problem in surgery as a result ot obesity. 

2. Prolonged hypoglycemia has a tendency to cause mental deteriora- 
tion, probably due to malnutrition of the cortical cells. Two of our 
jiatients with tumors had been in mental institutions, and one of them 
has had to be readmitted to a mental hospital several times, having 
returned there at the time of this communication, although the hypo- 
glycemia has been cured. Three others are mildly peculiar. 
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3. The uncertainty of when a benign islet cell tumor may show malig- 
nant changes is a definite reason for not postponing surgery in a pa- 
tient with a definite diagnosis of islet-ccll tmnor. 

The confidence of the well-trained surgeon to explore and to resect 
the pancreas has increased amazi 2 igly in the past ten years, for in tliis 
time astonishing advances have been made in the surgery of pancreatic 
tumors. Adequate incisions, better anesthesia, and the use of fine 
silk, with the more delicate handling of tissues and the reduced trauma 
and better hemostasis that "silk technique” connotes, as well as present- 
day methods of preventing and combating shock, are the chief factors 
in broadening the field of pancreatic surgery. 

As a result of experience in islet-tissue tumors, I'esections of the body 
and tail, and panereatieo-duodenectomj’^ for carcinoma of the ampullary 
and periampullary areas, Ave ha\’e adopted the folloAving measures and 
technique for the surgery of islet tumoi-s; 

1. It is essential to give the patient an ample supply of glucose be- 
fore the operation. We give 1,000 c.e. of 5 per cent glucose in normal 
saline solution intravenously one hour before operation and leaA'e the 
needle in the A'ein for a transfu.sion, if necessary, at the end of the 
procedure. 

2. Both continuous spinal anesthesia and ether anesthesia haA’C been 
used, depending upon the indmdual indications. Excessive obesity 
is a contraindication for spinal anesthesia. 

3. We are convinced that an adequate incision is essential and the lojig 
curved transverse incision just above the umbilieus through both 
recti, folloAved by the division of the gastrocolic omentum, provides a 
free inspection of the entire pancreas. 

4. The islet tumors are most frequently found in the tail or body, 
and should be looked for there first. If a tumor is not seen on the an- 
terior surface, the peritoneal attachment along the inferior border 
should be divided and, by blunt dissection and elevation, the posterior 
surface of body and tail should be inspected. If none is seen, the gland 
should be carefully palpated. The islet turnons feel like discrete nodules 
firmer than the surrounding pancreatic tissue even AA'hen imbedded in 
the body and head of the organ, and are unmistakable. 

5. If no tumor is seen or felt in the body or tail, the duodenum should 
be mobilized to the midline by incision of the peritoneum along the 
curve of the duodenum. This gives access to the posterior surface and 
permits the essential and free palpation of the head of the pancreas. 
In 6 of our patients the tumoi's Avere situated in the posterior aspect 

■’ e ampulla of Vater and the most careful dissection Avas required 
iiuy of the papilla in remoAml of the tumor. 

■ loma is found, the same careful search mi;st be made 
one tumor may be present. In 3 of our 27 cases more 
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7. In removing the adenoma bleeding, as a rule, is very easily con- 
trolled, and the nodnle shells out easily. Drainage is not necessary 
unless there is pancreatic duct leakage. 

8. Tf no tumor is found after the very complete exploration described, 
the decision as to resection will have to be made. In the ca.ses ■where 
no tumor was found and the body and tail, that is, to the left of the 
superior mesenteric vessels, have been removed, the results have been 
much better than tlie removal of a .small poilion such as the tail. In 
order to carry out this radical resection, it is advisable to remove the 
spleen as well, in order to control hemon-hage by ligating the .splenic 
ves.sols supplying the body and tail of the pancreas. A wide division 
of the gastrocolic and gastrosplcnic omenta will facilitate this splenec- 
tomy through the lesser sac, and make it possible to remove the spleen, 
tail, and body of the pancreas en mas.se. This maneuver also makes it 
possible to see and identify the inferior mesenteric vein and the supei’ior 
mesenteric vessels. 

9. The bed of the pancreas .should be drained after ligating the pan- 
creatic duct, by rubber dam tubes or cigarette drain. 

10. The use of fine silk for all smaller vessels and a heavier grade for 
the larger vessels ‘will prevent the digestion of ligatures which occurs 
when catgut is used in pancreatic tissue. Fine interrupted silk sutures 
for the repair of the abdominal wall have given us primary union in 
all our cases of adenoma and the same invariable satisfaction in wound 
healing that Avas noted by Koeher, Halsted, and other meticulous sur- 
geons familiar Avith silk technique. 

In revieAving the results of surgical therapy for islet-cell tumors in 
this series, it is obvious that excision of adenomas and so-called ques- 
tionably malignant tumors gives brilliant and lasting cures of the 
hypoglycemic state. On the other hand, in the majority of the patients 
in Avhom an islet-cell tumor Avas not discovered and a partial pan- 
createctomy Avas done results Avere not good, either because a tumor 
Avas overlooked in the head of the organ or because an insufficient'amount 
of the pancreas Avas removed. This is demonstrated by the fact that 
an overlooked tiAmor Avas found at the second operation in eight pa- 
tients, four of AA'hom Ave had explored the first time and the other four 
in other clinics. The fact that seven of the overlooked tumors Avere in 
the head of the pancreas emphasizes the importance of an adequate ex- 
posure by a transverse incision Avith mobilization of the duodenum so 
that all parts of the head of the organ can be carefully palpated. The 
recurrence or persistence of hypoglycemia beloAv the 50 mg. per cent level 
after a partial pancreatectomy is almast certain evidence of an OA^er- 
looked islet-eell tumor. 

The prognosis in carcinoma of islet tissue, that is Avith metastases, 
is invariably bad. Even the use of alloxan, as suggested by the Avork 
of Dunn,'’- and as tried by Brunschwfig and associates'^ in a recently re- 
ported case, does not offer any result. 
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Four patients, although relieved of their hypoglj'ceniia, have con- 
tinued in a more or less unstable mental state and one of them has had 
to be committed to a mental hospital. All of these patients had had a 
severe hj^poglycemia for from two to six years. This is a definite 
reason for advising surgery as soon as the diagnosis of islet-cell tumor 
with hypoglycemia is established. 

Table I 

SUMMAP.Y OF STAriSTICS 



SINGLE 

?ii’i/npLE 

TOTAT. 

% 

iMlTLTlPLE 

Tumors removed at operation and 
considered benign 

(i5 

11 

7(5 


Tumors found at autopsy and 
considered benign 

2C 

4 

30 


Total benign tumors 

91 

15 

106 

14.2 

Tumors removed at operation and 
suspected malignant 

22 

4 

26 


Tumors found at autopsy and sus- 
pected malignant 

o 

0 

2 


Total tumors suspected malignant 

24 

4 

28 

14.3 

Total cases of tumor without 
proved malignancy 

115 

19 

134 

14.2 

Carcinoma with metastases, proved 
malignancy 

12 

r» 

>> 

15 

20.0 

Total cases of tiue neoplasm 

127 

22 

149 

14.S 

Hypertrophy and hyperplasia with- 
out neoplasm 



11 



Table II 


Summary of Islet-Cell Tumors 
(Presbyterian Hospital Series, to March 15, 1944) 


Humber of patients explored 


32 • 

Tumor found in 


27 

Number of tumors removed 


31 

No tumor found 


5 

Tumor found at second operation 


8 

Postoperative deaths 


3 

adenoma 

1 


questionablj- malignant 

1 


von Gierke's disease 

1 



Table III 


Pathology op Tumors (to March 15, 1944) 


Adenomas 

16 

Questionably malignant 

8 

Carcinoma 

1 

Adenomatosis 

2 

Total 

27 


Slultiple tumors found in 4 patients. 

Islet-cell tumors 'U’ithout hypoglycemia in two patients. 
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T.\»i.e IV 

Location' ok I'iimoiis 


In head of pnncrcas: 
In body of pancreas 
In tail of pancreas 
In livov 


12 

S 

10 

1 


Tabi.e V 

Summary ok Oit-uativk. PitocEouitr.s 


Excision of tumor 30 

Partial pancreatectomy rvitU tumor 5 

Partial pancreatectomy without tumor 5 

Bemoval of overlooked tumor 8 

Simple exploratory 4 


Table VI 

Kesdlts After Operation' (to AIarch 15, 1944) 



OOREP OF 

IMPROVED 

UNIMPROVED 

POSTOPERA- 


HYPOGLYCEMIA 

TIVE DEATHS 

Adenoma 

15 



1 

Questionably ma- 

72, 48, 24, 34, 32, S, 



1 

lignant 

4 mo. after oper- 
ation. 




Carcinoma 



Died 4 mo. 





later 


Adenomatosis 

10, 5 mo. after op- 





eration 




von Gierke’s disease 
No tumor found 


2 

3 

1 


Table VII 

Length of the Follow-Up Interval (to March 15, 1944) 


adenojias 


questionably 

MALIGNANT 


ADENOMATO- 

SIS 


CARCINOMA 


9 yr. 4 

- S yr. 1 

6 yr. 1 

5 yr. 2 

4 yr. 2 

2 j'r. 1 

1 yr. 2 

Less tlian 1 yr. 2 
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THE ENDOCRINOLOGIC ASPECTS OE TUMORS OF 
THE PINEAIi GLAND 


Leo M. Davidoff, M.D., F.A.C.S.,^ Brooklyx, N. Y. 

(From the Jewish Hospilal of JiroolJyit ) 

IXTRODUCTIOX 

T he pineal body was probabh’ one of file earliest members of the 
endocrine series to be considered a glandular structure. In the 
second century Galen (quoted l)j^ Rowntree) stated; ‘‘It is in substance 
glandular. It was devised for the same purpose as other glands of the 
body.” However, in spite of the extraordinary advances in the entire 
subject of endocrinology in the last few decades, the mystery of the 
pineal gland has remained unsolved. Even the question of its glandular 
nature, in spite of Galen’s self-assurance, is to this day still a subject 
for debate. Experimental data are confusing and contradictory. The 
unique histologic appearance of this structure makes arguments by 
analogy with other glands of little value. Studies of pathologico-clinical 
states, especially tumors, which frequently have served to elucidate the 
normal function of an organ, liave in the case of the pineal body ap- 
peared only to add to the confusion. With personal experience which 
includes five eases of tumor in the region of the pineal gland, I can offer 
no additional facts to the existing mass of material already in the litera- 
ture. Indeed, there would be no excuse for this presentation if I were 
to accept a pronovmcement published as recently as June, 1943, by 
Russell and Sachs : ‘ ‘ This study offers no support for the concept that 
the pineal body is some form of endocx’ine gland.” However, it is too 
simple to conclude that an organ has no function simpl}" because we are 
unable to demonstrate what this function is. Too many glints of Rght 
from behind the curtain and too many intriguing fragments of unex- 
plained data exist to allow one to be satisfied with a final judgment of a 
negative nature in this matter. 

DEVELOPMENT AND STRUCTURE 

In the human embryo, according to Bailey, tlie pineal gland first 
makes its appearance during the fourth or fifth week as an outpoeketing 
of the roof of the diencephalon. 'In front of this a second part, consist- 
ing of a cell mass, appears, according to Krabbe. As the fetus develops,- 
the cell mass enlarges and the fold becomes deeper but the two a 

separated by a connective tissue wall. The cavity in the fold is ch" ; 

' 
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uftor llic sixth fetsl nidiith. Aflor lliis, the colls, which up to now 
have been vouiul and undifferentiated, bcfiin to cidar'^e with lar<ior but 
paler nuclei containinf>: less ehronialin than before. This differentiation 
takes place in a scattered manner throushout the fjland and continues 
to the end of the first year of cxtrautcrine life. By this time the ^land 
has taken on essentially the appearance of that of the normal adult in 
that it consists mostly of islands of the.se large ecslls suia'oundcd by 
smaller cells with darker nuclei, among which a few scattered conneetive 
li.ssuc fibers arc found. The origin and ftinetion of these two ty]ies of 
cells are still the sub.icct of controvor.sy. Some authoi-s believe that cer- 
tain granules in the large colls indicate a secretory character, while 
Hortega thinks these granules arc merely blcifimroplasts. Nageotte, on 
the other hand, is convinced that glio.somcs in the smaller cells arc indica- 
tive of a secretory character. The origin of the latter cells is also dis- 
puted. Globus and Silbert, for example, consider them to be of 
mesenchymal origin, capable of differentiating into fibroblasts. Horrax 
and Bailey, on the other hand, believe them to be of neuroeetodcrmal 
origin. 

FUNCTION 

Experimenial Delia . — Outside of certain Austi-alian lizards in which 
the pineal gland has become highly specialized as a centrally placed 
rudimentary third eye, the function of the pineal gland has not yet 
clearly been defined. Speculation in the ancient world as b,v Galon was 
already mentioned, and in more recent times, the philosopher, Descartes, 
considered it as the seat of the soul. Modern experimental efforts to 
elucidate the function of this body have consisted of extirpation and 
transplantation experiments as rvell as feeding and parenteral adminis- 
tration of various forms of extract of the pineal gland. 

Pinealectomy . — About nine years ago Andersen and Wolf analyzed 
the reports in the literatiu'e on pinealectomies done in various experi- 
mental animals, including rats, rabbits, dogs, chicks, and guinea pigs. 
Experiments were reported in all these animals unth negative i-esults by 
some woi-kers and positive results by others. The positive results, when 
thej' occurred, were reported most commonly to be “premature develop- 
ments of secondary sex characters in the male, enlargement of the 
gonads, overgroAvth of the body, and obesity.” After critically ana- 
lyzing all these data, the previously named authors were inclined to be 
skeptical about these results and felt that the data submitted were not 
sufficient to .iustify tire conclusions reached. 

Feeding Experimenis . — Rowntree reidewed the experiments reported 
by IMcCord, consisting of feeding fresh pineal glands to 400 young- 
animals which he claimed caused early precocity and adiposity. Hoskins, 
on the other hand, found such feeding experiments to result in no 
changes whatever. 
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Pineal Implants. — In implantation of pineal glands, revieAved by 
Eowntree, Kozelka showed negative results in chicks, whereas Dubowik 
found increased rate of growth in rabbits. Lahr showed some retarda- 
tion in the gonadal development in both male and female rats but no 
influence upon the body growth. 

Injection of Pineal Extract . — No definite results of pineal extract 
injections had been demonstrated until Engel appeared to have found 
an antagonism of the pineal extract toward the growth hormone of the 
anterior lobe of the pituitary, as Avell as toward tliose pituitary hormones 
affecting luteinization and maturation of the ovarian follicles. Bown- 
tree furthermore called attention to liIcCord’s paradox, namely, that, 
according to the reports in experimental literature, exti7'pation of tlie 
gland leads to precocity of development, while the administration of 
pineal gland in excess leads in the young to eventually the same result 
bj' “hastening growth and sexual maturity.” 

In view of all this confusion, Bowmtee and his co-workers introduced 
a new factor in the injection experiments. They tested the effect of 
pineal gland extract not only on the individual animals receiving the 
injections inti'aperitoneally, but also on the offspring of successive 
generations of parent rats. At the time of their report, five generations 
of pineal strain of rat had been under observation. In the first genera- 
tion no effect was apparent other than moderate loss of weight and 
indication of excess sex excitation and early breeding. In the second 
generation, definite retardatiomof growth with mild precocity of gonadal 
development occurred. In the third to the fifth generation, changes 
along the same lines but much more clearly evident were seen, both in the 
retardation of growth and in the acceleration of gonadal and bodily 
development, leading them to coin the designation “precocious dwarf- 
ism,” that is to say animals dAvarfed physically but shoAving relatNe 
genital precocity. The dAvarfed stature of these animals is permanent, 
but though small in size, they shoAv an acceleration in the opening of 
their ears, the eruption of their teeth, the appearance of fur, the open- 
ing of their eyes, the descent of the testes, or the opening of the Amgina. 
The average young rat of the fifth generation under pineal treatment 
is described as less than one-half the normal in size Avith both gonadal 
and bodily development occurring precociously. The penis particularly 
is described as relatiA^elj^ large compared to the body size; the teeth are 
erupted earlj^ and the eyes open in less than one-half the nonnal time. 
The animals, hoAvever, are physically Aveak, irritable, and nei'Amus. The 
studies of EoAvntree and his co-Avorkers on many hundreds of rats are 
impressive not only in that they shoAV an amplification of biologic effect 
in succeeding generations, but also in that these effects strongly suggest 
the endocrine character of the pineal glands in these animals. Their 
results are, nevertheless, difficult to ti-anslate into clinical terms. Hoav- 
eA^er, they suggest that the syndrome of Pellizzi, macrogenitosomia 
praecox, is an expression of hyperpinealism. 
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CIAXICAI. OATA rUOM KIXK.AI. TUMOU CASKS 

Paticnis with luniovs oceurnii!*' in Iho region of tlio i)incal gland as 
reported in the literatnro iiavo either shown no endoerinologie distnvh- 
anccs whatever or they have sliown j^rccoeions jmliei'tid development 
when the tnmora afl’eet yonng ehildren, espeeially males. This syndrome 
do.serihcd hy Pellizzi is eallod maerogenitosomia ]>raceox or ])uhci'las 
praecox. Since it is the purpose of this eonnnunieation to present only 
the endoerinologie a.speets of tumor of the pineal gland, the five casc.s in 
my personal experience can he of little .significance here except for the 
single case in Avhich the ju'oviou.sly named .syndrome Avas ]ire.se)it. The 
other four cases were tho.se of two males and two females ])a.st the ago of 
puberty Avho shoAved the classical neurologic signs of obstrnetiA’c hydro- 
cephalus Avith increased intracranial pre.ssuro and inability to rotate the 
eyes npAA-ard, AA’hich leads to a localization of a tumor mass in the region 
of the quadrigeminal plate in the neighborhood of the pineal gland. The 
fifth ease Avas that of a 9-year-old boy AA-ith the syndrome of maci'o- 
genitosomia praecox AAdvich Avill be briefly pi’csented here. 


ca.se report 

F. H, (K. I. Ko. 30702), male, 0 yenT.s of age, was nilmilfcd to flic Neuvologieal 
Institute of JTew York Oet. 23, 10.30.* 

Present Jgne,?.?.— Tlie patient was repotted to be a normal bcnltby child until 
9 or 10 months prior to admis.sion, that i.s, .Tanuary or February, 1936, at wbicli 
time he began to have what at first was considered hoarseness but was later 
recognized a.s a distinct change in his voice, such as usually accompanies puberty. 
AVithin a short time thereafter, lie developed pubic and axillarj' hair and rapid en- 
largement of both tho penis and testicles. In Marcb it was noted that lie became 
mature-looking with a tendency to growth of a beard iind soon thereafter he began 
to show some unsteadiness of gait. By May of 1936 he hsid gained twentj’ pounds 
since the onset of his illness. During the spring term at school, he began to show 
a. distinct slump in his scholastic standing. By September, 1936, evidence of in- 
creased intracranial pressure was fiist noted in that ho began to complain of severe 
frontal headache associated with vomiting, which was projectile in character. He 
also began to complain of double vision and bis mother noted a strabismus which 
appeared about this time. 

Physical Examination . — Examination revealed a 9-yeur-old boy acutely ill but 
presenting a most unusual physical appearance. He showed a relatively lioavy 
growth of hair on the face as well as in tho axillae and over the pubis and e.x- 
tremities. His "Adam’s apple” was prominent and his Voice had a distinctly 
adult low register. Although his height was compatible with his age, his penis 
and testicles were about average normal adult in size. No tumor of either testicle 
was present. Neurologically he show-ed bilateral papilledema with exudate and 
hemorrhages and pupils that were dilated and fixed to light and accommodation. 
There were left internal strabismus and right central facial paresis. The remainder 
of the neurologic examination was negative. 

Laboratory findings were within normal limits. Boentgenograms of the skull 
showed only a calcific shadow of the pineal gland which, tliough somewhat unusual 
at 9 years of age, rvos not indicative of a tumor in this region. 

♦Grateful acknowledgment is hereby made to Dr. Tracy J. Putnam Directoi 
New York Neurological Institute, for permission to utilize this material. 
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He was operated upon Oct. 27, 1936, when a tumor of tlio pineal gland was re- 
vealed and part of it removed for examination. He was then given 3,000 roent- 
gens through the open wound in the operating room, after all the tissues except the 
tumor had been carefully shielded by sterile lead sheeting. The patient recovered 
from the operation and signs of increased intracranial pressure were considerably 
improved. Unfortunately, during the night following the operation, he tore off 
the dressing and inserted his fingers into the wound. This was followed by an in- 
fection which gradually spread to involve the meninges and he died of meningitis 
Dec. 29, 1936. 

Post-Mortem Examination .* — The examination unfortunately was limited to the 
head only. This revealed, in addition to the infected wound and meningitis, a large 
tumoi', best seen on sagittal section of the brain, measuring 5.3 by 3.2 cm. in di- 
ameter, occupying the upper one-half of the midbrain. The pineal gland was not 
discernible. The tumor compressed the anterior medullary velum and the anterior 
portion of the cerebellar vermis, the anterior surfaces of the cerebellar hemispheres, 
the dorsal aspect of the pons, the splenium of the corpus callo.sum, and the fomices 
(see Fig. 1). The tumor compressed the third ventricle posteriorly. The h}'- 
pothalamus was distorted and foreshortened anteroposteriorly but was not directly 
impinged upon. 



Fig. 1. — Sagittal section of brain showing large tumor in region of pineal. 

Microscopically the tumor was found to be quite cellular, fairly vascular, with 
areas of hemorrhage and focal necrosis. The tumor cells were loosely arranged 
in small, irregular clusters which were separated by a vascular network and single 
or multiple rows of .slender elongated cells. The predominating cell was irregular, 
polygonal, rarely rounded, occasionally having small proces.ses. The cell cytoplasm 
was scanty, but the nuclei were large and round, oval, or slightly irregular with a 
moderate amount of finely granular chromatin and frequently a prominent nucleolus. 
Mitotic figures were commonly seen. Another of cell less frequently encountered 
in the tumor was very large and irregular with abundant cytoplasm and large hyper- 

•The author is indebted to Dr. Abner Wolf for the data concerning the pathologic 
appearances. 
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ehromafic, often nuiltiple, mielei. The cloiiijated cell;*, alreiiiiy mentioned, formed 
oeea^•ional I)ands of eon'-ideralde width. Area!! of neerosi.'*. hemorrhage, and ealeium 
deposition require no special de.seription (see Fip;. 2). 

The putludoRist eoneluded Hint the tumor was a eomplex neoplasm which he 
classified as a ehorioepillielioma. Urine obtained by catheter post mortem Rave !i 
positive Friedman test. lie was of the opinion that, in spite of tlie limited exam- 
ination, the tumor was primary in the ](ineal reRion, lather than inetii.statie, from 
somewhere else. 

It. is of passiuR inteiest perhaps that Bochner and Scarf, who reviewed the lit- 
erature up to IP.'l.S, were ;iblo to find only one jecorded cm-e of ehorioepitlielioina 
of the pineal gland, reported by Askitnazy. 



Fig. 2. — Photomicrograph (XtiO) showing goner.al cliaracter of tumor. 


COMMENTS 

Although the picture of macrogenitosomia praeeox is usually asso- 
ciated in the minds of most observers witli a tumor of the pineal gland 
and usually the character of the tumor is considered that of a teratoma, 
these cases are neverthele,ss very rare. In 1925, Horrax and Bailey 
found only tour cases in the literature and were able to add two more 
from Dr. Cushing’s enormous material. In that report, however, they 
called attention to the case of Klaproth which was that of a boy of 15 
yeai's wutli a teratoma of the pineal gland who sllo^ved sexual infantilism 
rather than precocity. In 1928, Horrax and Bailey again added one 
more ease of a probable pineal teratoma in w'hich the patient showed 
pubertas praeeox, but in the same article they reported another with an 
even more remarkable premature puberty in wdiich the pineal was with- 
in normal limits, and a large tumor in the third ^'entricle histologically 
diagnosed as ganglioneuroma was found at operation and confirmed at 
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post-mortem examination. In 1938, Bodmer and Scarf argued that the 
teratomatous tumors of tlie pineal gland may produce a premature 
sexual development in their victims by an effect similar to the stimula- 
tion of the ovaries in immature rabbits bj’ urine obtained from pregnant 
women. They found some confirmation in this view in that the 
Aschheim-Zondek test is positive in males Avith teratomatous tumors of 
the testicles. Indeed, my own case illustrated the presence of a positive 
pregnancy test Avith a pineal tumor. Unfortunately, Bodmer and 
Scarf’s theory is exploded in the eA'idence presented by their case AA^hieh 
Avas that of a 9-year-old boy Avho died of a teratomatous tumor of the 
pineal body and Avho shoAA^ed no eAudenee of pubertas praecox. iMoreover. 
pubertas i^raecox associated Avith a teratoma of the pineal gland in a 
female child is practically unknoAvn, yet the pregnancy test is positive 
only when made on immature female animals. 

DI.SCUSSIOX 

The most A\idely accepted theory of the function of the pineal gland, 
as stated by JIarburg, is that its secretory activity during the early 
years of life inhibits a development of puberty and that at the time of 
piibel’ty the gland undergoes involution Avhich thus removes its in- 
hibit|)ry effect and alloAvs sexual development to take place. It Avas 
belieyed that the cases of macrogenitosomia praecox in Avhich a large 
tumor, destroying the pineal gland is present in early life migfit support 
this theory. HoAvever, Ave have Horrax and Bailey’s case of a boy Avith 
a nonh.al pineal gland and a tumor in the third ventricle not of pineal 
origin presenting the syndrome of premature pu])erty, and a similar 
case Avas reported by Schmalz. We have, moreover, the case reported by 
Horrax and Bailej" in AA’liich the tumor of the pineal gland, Avhich Avas 
associated Avith macrogenitosomia praecox, Avas not a teratoma but a 
pinealoma, reproducing in great abundance mature pineal tissue. Here 
it might be argued that even if the pineal gland Avere destroyed by the 
tumor, the tumor itself Avould more than supply the secretion of the 
gland. It may indeed be considered as eAudence in this case that secre- 
tion of the pineal gland in excessive amounts initiates puberty rather 
than inhibits it. Further clinical support is lent to this theory by the 
prepubertal cases in A\Fich tumors other than teratoma or pinealoma 
occur and are not accompanied by premature pubertj', for in these in- 
stances it may be argued the gland is actually destroyed and its secretion 
interrupted, and therefore no sexual changes accompany the tumor. A 
destructive Wmor of the pineal gland associated Avith actual infantilism 
in the case reported bj^ Klaproth, already mentioned, may be further 
evidence to point in this direction. Still another case supporting the 
point of vicAV that the pineal secretion initiates pubertj’- is that reported 
by Zandren, aa’Iio described a case of infantilism that shoAved at necropsj’ 
no trace of the pineal body, even though this structure Avas searched by 
careful serial sections of the entire region. 
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IIow arc we then to ex])hun those teratomatous tumors which have 
been most, commonly accompanied by premature ]iul)erty, since these 
tumors also destroy the pineal gland.- rJlobus and Silbcrf believe that 
the marked varialjility in the histologic a])pearanee of ])ineal tumors 
giving rise to a great variation in designation may be due to the different 
embryologic stages of the pineal body itself from which the tumors 
develop. They thus imply that even though tumors in the literature 
are often called “teratomas,” they nevertheless arc fre(iuently pineal 
in origin. In view o£ the fact that these eomjdc.x tumors may, there- 
fore, originate from the pineal gland in its various stages of develop- 
ment, one might then assume some specific (piality inherent in them, 
namely, a pineal-like secretion jn-odueed in .sufficient amounts to initiate 
early puberty. 

A further difficulty arises in attempting to explain on the basis of this 
theory Horrax and Bailey’s ea.se with a classical picture of macro- 
genitosomia praecox in a child with an apparently normal pineal and a 
large ganglioneuroma within the third ventricle. Here a possible ex- 
planation may exist in that the patient was demonstrated to have a 
normal-sized iDineal gland which for some reason, perhaps associated 
with the abnormal hydrodynamics within the sluill, was led to secrete 
abnormal quantities of liormone, producing an early development of 
puberty. 

CONCLUSIONS 

It is obvious from the foregoing that the problem of the pineal body 
is by no means solved. Even the question as to whether it is a gland or 
not is not wholly clear. On the other hand, it would seem to be possible 
to deduce, with less violence to the facts than by any otlier theory, from 
data obtained from the study of pineal tumors, that the pineal body 
is a gland of internal secretion with a hormone which apparently 
initiates puberty. This viewpoint moreover is supported by the most 
conclusive experimental data available up to this point, namely, that of 
Rowntree and his associates. 
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Book Reviews 


Medical Physics. By Otto Glaswr, Editor-in-Cliicf, witli 21! As.^ociato Kilitnr.«. I’p. 

1744. Chieapo, 1944, The Voar Book Bnhli.'-liors, Inc. 

'I'lio only appropriate description for Ibis volninc i.'- inoniimental. It repre.'-ents 
a great, contribution to medical science lilcratuie in any language, and is one of a 
very few of comparable importance of American origin, klore than 300 .sections, 
eacli prepared by recognized original contributors to Ibe numerous fields, pro, sent 
tbo various aspects of medical physics in a manner such as to make tbc volume a 
veritable mine of information and critical evaluation. It is at once indispensable 
for every scbolarly clinician, a source book for investigators, and a handbook for the 
study of principles of physics and physical chemistry as tliey apply to biology and 
medicine. The title is not quite broad enough, unless one includes under “medical” 
everything fundamental to it, which the editors have obviously done. The volume 
actually represents a compendium of knowledge about biophysics in general, with 
special reference to medical problems. 

The editors deserve nothing but praise for the useful work tliey Imvc done in 
bringing so nearly all that is basic and useful in physics and physical chemistry 
into one volume for ready consnltation. There arc, of course, defects in the or- 
ganization and presentation. There is lack of uniformity in practice about citation 
of references. The physics of gas flow in respiration is not adequately treated in 
the normal and pathologic subject. The problem of atelectasis is described with- 
out reference to alternative mechanisms of production, which in the opinion of many 
recent authors are more frequently causal than the one described. There are other 
instances of this type, and the editors will undoubtedly seek to improve the volume 
in many details in future editions, but the reviewer’s opinion is that considering 
the scope of the work the defects are surprisingly few and the merits exceedingly 
great. As noted, the only principal improvement urgently indicated is a fuller 
bibliography. Aside from this a careful restudy of completeness of coverage of 
the various fields by the editors and their expert consultants is desirable. 

The present volume serves a very real need and should be in the library of 
every physician with scholarly interests, as well as in every group medical library. 
The publishers are to be congratulated for their courage in risking the publication 
of this valuable book and in the generally excellent workmanship it embodies. 


Intracranial Arterial Aneurysms. By Walter E. Dandy. Pp. 147. Ithaca, N, Y., 

1944, Comstock Publishing Company, Inc. 

This monograpli consists of a systematic and comprehensive presentation of a 
difficult and little known clinical entity — intracranial arterial aneurysms — based on 
a study of 108 patients with 133 aneurysms. The subject is introduced by a gen- 
eral discussion of the incidence, types, sj-mptoms and signs, and diagnostic pro- 
cedures of intracranial arterial aneurysms. In the second chapter the cases are con- 
sidered from the standpoint of an anatomic classification. A detailed analysis of 
each group is included in tabular form. The third chapter, by Dorcas Hager 
Padget, is devoted to the embryology and anatomy of the circle of Willis. In the 
fourth chapter the methods of preoperative ligation of the carotid and vertebral 
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arteries are described. The last chapter contain.s a discussion of tlie surgical treat- 
ment and operative results. Dandy was able to report cures in twenty patients in 
the series. An appended bibliography, tabulation of the series of cases, and per- 
spicuous illustrations suggest the intensive research required in the preparation of 
this volume. The lack of an index is probably an intentional and perliaps not a 
serious omission, since the' subjects are clearly indicated in the table of contents. 

This compendium fills a definite need" in a seemingly barren field,” which has 
actually proved, ‘‘with increasing confidence in diagnosis and with the correlated 
surgical follow-through ” to be quite common, as the author has suggested in his 
preface. 


The Year Book of General Surgery. Edited by Evarts A. Graham, A.B., IM.D.. 

Professor of Surgery, Washington University School of Medicine; Surgeon-in- 

Cliief of the Barnes Hospital and of the Children ’s Hospital, St. Louis. Ed. 1. 

Pp. 730, with 270 illustrations. Chicago, 1944. The Year Book Publishers, Inc. 

$o. 

The Tear Book of Surgery is as large as in previous years and follows the same 
general scheme of treatment of a very broad subject matter. Tlie items discussed 
under the caption of Militarj- Surgery have increased in number, and tliroughout 
the volume emphasis has been given to the effects of trauma. 

The editor states in the preface, ‘‘One of the regrettable casualties of war is its 
affect on scientific progress. What advance in science occurs is concerned chiefly 
n’ith attempts to aid the actual conduct of fighting. There is no encouragement 
to pursue that sort of investigation which will make for better living or better 
health. The more nearly total the war becomes,, the more striking will be its in- 
hibiting effect on research that is unconnected with military affair.s. Now in the 
fifth year of this total war it is apparent to anyone who reads the current literature 
that the amazing speed of scientific progress which characterized the last 50 yeais 
has been retarded to an appalling degree. How long this lyavc of depression will 
last cannot be foreseen. ’ ’ 

There aie new ideas and new procedures out'ined in the 194.1 Year Book and 
this rather gloomy note of the editor may appear a bit unduly pessimistic. As the 
editor implies, during time of war, all research, save that with a definite war-linked 
interest, of necessity comes to a virtual standstill. And it is through original ex^ 
perimental research that new facts are multiplied and the complexion of old and 
difficult problems changed. ' 

The pertinent comments of the editor upon the pulfi .^^tracts of papers 
are not as numerous as in some of the previous Yeai- . Nevertheless, the 
volume is a good iJi4'»y of the surgical literature and ^ - eiusal by every 
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there ip any ncoil to be. This tendeney is niiforlnnately ine.reased by a siimll inmi- 
ber of ehapter.s that .«eeni entirely out of plaee. 

Tlicro are many illustrations throughout the book’, but most of Ihein are of poor 
quality so that they do not have the value they should have. Hejirodnelions of 
roentgen films, however, are satisfaetory. 

In contrast, to the faults which have been listed, there are many e.xeellent ehaj)- 
ters by celebrated author.s such as Denny-llrown. Cobb, (lillies, Smith-Petorsen, 
\Vatsou-.lones, and others. The material jiresented by this group is well organized 
and of groat value to those in civilian practice quite as much as to those in the 
Armed Forces. A most interesling .section is given to immersion-foot and allied 
ailments. 

The volume contains some material that is not of much value, but this is more 
than outweighed by the large number of excellent sections included. 


Pain Mechanisms. By W. IC. Livingston, Lieutenant Commander, Al.t!., U.S.NML, 

Assistant Clinical Professor of Surgery, University of Oregon Jledical School, 

Portland, Ore. Ed. 1, Pp. 2.1.1, with 20 illustrations. New York, 1041, The 

Macmillan Company. .$1.7.’). 

This book consists of three parts. The first ])arl is a di.scu.ssion of the anatomy 
and physiology of pain. In this, the author lays the foundation for the main theme 
of the book, namely that intractable pain such as causalgia, other post -traumatic pain 
s.vndrome, low back dipabilil.v, neuralgias, and phantom limb pain may bo due to an 
iuternuncial pool of nouron.s in the cord. He infers that through increase in the 
phenomenon of facilitation and decreased inhibition in tliis internnncial pool, both 
being functions of this group of cells, ordinarv nonpainful afferent impulses become 
painful. 

The second part is concerned with the clinical syndromes of causalgia, post- 
traumatic pain syndromes, low back disability, facial neuralgias, chronic and phantom 
limb pain. This is the most valuable part of the book. The discussion of these 
conditions is good; the author has obviously had a large e.xperienee and man.v cases 
are described. Many patients received lasting relief from novocain injections. The 
possibility that when novocain injections are followed by lasting- relief it may be 
due to suggestion is discussed but dismi.ssed by the author. He is convinced that it 
is a mistake to assume that a certain pain .syndrome must represent an obsession or be 
of purely ps 3 ’chic origin, simplj- because its manifestations do not conform to what 
we have been taught about the anatomj- and phj-siology of peripheral nerve path- 
waj's. He believes that it 'is equallj' foolish to discredit the results of procedures 
such as periarterial sj-mpathectomj' and novocain injection on the ground that their 
mode of action is obscure. 

The third part of the book is called Interpretations. It is composed of chapters 
6n protopathio pain, hyperalgesia, the sympathetic component, and the vicious circle. 

Protopathic pain is a discussion of Head’s experiments and those of others who 
confirmed or refuted Head’s notion of a special, primative type of nerve to account 
for protopathic pain. He finally concludes that anything that might act to disturb 
the normal pattern of impulses anywhere along their route from the periphery to the 
perceptual centers might lead to an unusual pattern of central excitation, and hence 
produce abnormal changes in sensory experience. A pathologic state of the inter- 
nuncial pool within the spinal cord is suggested as one of the sites at which this 
distortion of sensorj- impulses might occur. 

In the chapter on hj-peralgesia, after discussing experimental work of various 
investigations on hyperalgesia, the author concludes that hyperalgesia may be due 
to modification of impulses anywhere between the penpliery and seusorium, such 
as elaboration in the skin of some chemical substance which acts to increase the 
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semitn ene‘is of the “^kin locallj, A\ithdra\\al of u part of the impuUe= which custom 
anly constitute the composite of impulses underljing normal sensations dernefl from 
the skin, distortion of the intianeuial pattern which ro“uits in fibers establishing 
new connections m regenerated nenes, abnoiinal sensations of the cells of the 
posterior horns of grai matter, lesions of the posterior folumns, injuries of the 
brain in the region of the thalamus^ or alteration in the status of the internuncial 
pool, the recening station at the cord le\el 

Under sympathetic component the authoi points out that relief of causalgi.i 
cannot be due to section of afferent pain fibeis, in the sjrapathetic nenes, and that 
it IS at least not alwajs due to increased blood flow. Since elimination of either 
the trigger point or the si nipathetic nenes alone mai not gne relief of the 
causalgia, he assumes that neither is the sole cause of the causalgic state His 
assumption is that the barrage of abnormal impulses fiom an injured none acting 
on the internuncial pool of neurons in the cord disturb its noimal functioning and 
this, in turn, disturbs the functioning of the sjmpathetic nenes and peripheral 
somatic nenes to pioduce peripheial changes from which abnormal afferent impulses 
arise to add themsehes to those of the tugger point to sustain and augment the 
central activity 

In the chapter on the mcious circle the author attempts to explain his concept of 
the \ieious circle in causalgic states, and to compare it with the concept of the 
VICIOUS circle as it is utilized In the psjcluatrist to explain tension states Essen 
tialh the difference ho recognizes in tlie two is that psxchic irritants set up a dis 
turbed center chieflj at higher or cerebral levels, while in the causalgic state the 
disturbed center is pnmanlj at least in the inteinunoial pool of the coid. 

-Vn organic le«ion at the periphery, inxoUing scnsoix nerxe filaments, max become 
a source of chronic irritation. Atfcrent impulses fiora fins trigger point exentuallj 
f rente an abnoimal state of actixitx in the internuncial centers of the coid giaj 
matter The internuncial distui bances, in tuin, are reflected in an abnormal motor 
response fiom both the lateral and anterior neurons of one or more segments of the 
cold The muscle spasm, xasomotor changes, and other eflicts which this contial 
Iiortuibation of function brings about in the peiipheral ticsues max fuinish new 
sources of pain and new reflexes A xicious circle of actixitj is cieatcd Thus, an 
cxer widening circle is set up and the adxantage ot treatment is obxious 

There are three recipiocating factors- the incoming impulses from the peripherx ; 
the internuncial jiool at tix-itj , and the motor impulses from the latoi al and anterior 
hoin cells that are brought within the influence of the pool 

The author is congratulated upon xxnting a xxell aiianged and interesting book 
about these baffling clinical entities His concept of the internuncial pool is 
theoretical and max be lejected, but the book eont-iins manj interesting and xaluable 
obserxations 

It could be read xxith profit bx almost any physician but should be of special 
interest to neuropsychntnsts, surgeons, and psychologists 






nuiscle and those striated )iuiscle eleincnts in teratoid tuiiioi-s usually 
present elonoate to banjo-shaped cells, with often longitudinal stria- 
tions and sometimes cross striations. The type occurring in cai'diac 
muscle is usually made up, at least in part, of very large, rounded 
cells of so-called spider-weh type with the striations ari-anged some- 
what concentrically. The cardiac tumors are almost all congenital and 
benign. 

The characteristic cell in myoblastoma is large, pale, polyhedral, and 
granular, freciuently arranged in p.scudo-atveolar fashion, although 
lumina are not formed (Fig. 1). Xot infrequently, i-ibbonlike oi- irreg- 
lalar syncytial masses may occur. In both of these types of cells the 
cytoplasm is somewhat granular and resembles that of ]n imitive myo- 
blasts. Earely, a few cross striations may be present (Abrikossoff’ - 
reported them in two of his ca.ses). The cytoplasm tends to be acido- 
philic and sometimes is vacuolated. It is quite possible, if one does 



Fiff. 1. — Gross specimen ot primary tumor, Case 1. 

not carry out stains for lipoid, to mistake them for xanthoma cells. 
The nuclei are small as conti-asted with the cytoplasm and A-ary a little 
in size; they may be A-acuolated (Fig. 2). Mitotic figures are rare. 
Frequently cells contain multiple nuclei. A delicate connective tissue 
stroma supports either single cells or groups of cells. Often a definite 
capsule is present, but if it is absent, the tumor cells blend almost 
imperceptibly Avdth the adjacent sti’iated muscle. 

Abrikossoff^ originally distinguished four Amrieties of muscle tumor 
under the heading of myoblastoma: (1) Tumors composed of myo- 
blasts completelj' deAmid of striations; the piu-e myoblastoma. (2) Tu- 
mors Avith myoblasts similar to type 1 but shoAving infrequent longi- 
tudinal or cross striations or both, only imperfectly developed in the 
margins of cells. (3) Tumors Avith hypertrophic myoblasts, including 
some of great size (40 to 160 miera in length), frequently multi- 
nucleated and of syncytial type, fttriation may be ])resent in some. 
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ospcH'iaily in llu- pcripluM-al zniu' (»!’ i-ylopiaMii. hul is absent from many. 
(4) Atypieal myoblaslie sareoma; a i)olymoi-i)lions-eelle{l tumor, in 
some areas frankly .sareomatous. in otliers sliowing more lii^4ily flif- 
ferentiatod eolks witli n-ell-dcfinod longitudinal ajid cross sliiation. 

In our opinion, Abrikossoff’s’ Group 4 eases are better included with 
, the rhabdomyosaveomas and Ave have so diagnosed our own cxamjdc.s 
of the ^roup. To avoid confusion in tabulalina: the reported ease.s, avo 
have included those previously recorded ns meeting'' the criteria for 
Abrikossoff’s Group 4 as well as those falling in his first three groups. 



Fig. 2. — Pleural metastases o£ myoblastoma. Case 1. 


It is easy to determine the nature of tliis tumor Avhen it occurs in 
contact Avith striated muscle and A\dieu scattered transitional cell forms 
exist. Such transition cells have been reported by Gray and Gruen- 
feld-'* (tumors of tongue) and by Grayzel and Friedman^'* in a tumor 
of the thoracic AAmll. While some authors”*’ *** illustrated apparent 
transition of the granular cells into striated cells, others^'” ■** believe 
that these are probably erroneous interpretations. As has been pointed 
out by Klinge,^’* the occui’rence of the tumor in regions AA^here no 
striated muscles appear can be explained only on a dysontogenetic basis. 
It has been suggested^-’ “■ that folloAving trauma to striated muscle, 
granular degeneration might occur and excessive regeneration taking 
place in such injured fibers might lead to the development of neoplastic 
qualities. 

Tlie lumor is usually first noted as a small, yielding, nontender mass, 
oflen only 1 cm. or more in diameter. On section it is grayish pink 
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or whitish and as a rule fairly clearly demai'cated, although it oeca- 
sioually shows no definite border. Ulceration is rai“e and, indeed, there 
may be hyper2)lastic or neoiilastie res])onse of tbe overljing skin or 
mucous membrane. The great ma.iority of these tumors ai'c benign, 
but we, as others, have encountered malignant ones, which will be dis- 
cussed later in this communication. 

evSE HLSrORIES 

Case 1. — M. V., a 36-year-old white American housewife entered Pondville Hos- 
pital, March 27, 1941, complaining of aching and swelling of the upper left arm 
of two and one-half months’ duration. Examination showed a hard, movable, 
fusiform mass 4 cm. in diameter on the anterior aspect of the left shoulder at the 
level of the surgical neck of the humerus. 

May 31, 1941, the mass was excised taking the overlying attached skin and 
subcutaneous tissue and some of the deltoid muscle fibers. Pathologic report on 
the specimen was “myoblastoma” (Fig. 1). 

From August to December, 1941, she worked in an ammunition factory, and in 
common with other workers there developed what she called a “tetryl cold” and 
experienced nasal discharge, nosebleeds, headaches, yellow skin discoloration (per- 
spiration stained clothes yellow), and a mild attack of diarrhea. At this time she 
experienced pain in the right shoulder. 

.Tan. S, 1942, she appeared at Pondville Hospital Out Patient Clinic complaining 
of pain in the right shoulder, shin, and hip. Two months previously she had first 
noted an enlarging tumor mass in the right upper arm. Examination at this time 
showed a well-healed, postoperative scar with no recurrence on the left. In the 
right mid-humeral region there was a fusiform hard mass 5 cm. in diameter fixed 
to the underlying bone. Also, just medial to the right anterior superior spine of 
the ilium there was an indefinitely outlined, hard mass roughly 8 cm. in diameter, 
fixed and slightly tender. Skeletal x-rays showed slight rarefaction in the right 
humerus not typical of metastatic disease. No other bone patliolog.y was found. 
The patient was given a course of deep x-ray therapy consisting of 2,000 r to the 
right humerus and 2,000 r to the right iliac crest region. 

Feb. 5, 1942, she reappeared in the outpatient department on a stretcher with 
obvious severe pain in her right shoulder, right hip, and back. X-rays at this time 
showed metastatic disease in the fifth dorsal vertebra and in the left pubic bone. 
She was treated by deep x-ray therapy to the extent of 1,800 r distributed to the 
various painful areas. 

During mid-February she developed numbness along the lower jaw on the right 
side, progressing to severe pain at the tip of the chin. X-ray pictures of the 
foramen ovale showed no evidence of bone metastases. 

Blood studies showed a progressive anemia (normocytic) and a low white count. 
A bone marrow biopsy was essentially negative. 

March 14, 1942, a fixed mass of fused lymph nodes 3 cm. in diameter was re- 
moved from high in the left axilla and was proved pathologicallj' to be metastatic 
myoblastoma. 

The patient had a constant temperature of about 100° F. and the pulse aver- 
aged 115. The pain increased and required large doses of morphine. X-iay 
checkup pictures showed advancing disease in the thoracic spine, left scapula, 
and left innominate bone. Additional x-raj' therapj' was given with only partial 
relief of pain. Extensive blood chemistrj- studies were carried out which served 
to throw no light on the nature of the disease. The pain increased, appetite failed, 
and the patient became bedridden. There was marked weight loss and she died 
on April 28, 1942. 
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Aiitnpsv .vliowed piinuiiY m\ of (In' Icfl cleKoid legion Yitli uiiilliiilo 
to bones, jileui.-t, luiif,'.-, ii,\ill!iiy noil tuielieolnoiiclii.-il lynipli node*., 
liver, and jidieiial*^. 'I'lieie )\as liilaleial liydiollioiax and Hie oxMernal snrfnres 
of tlie lungs were studded with tnnimoiis iiodiile.s (I’ig. 21. 

Ca.si; 2. — O. S., !i O-I-year-oId man, inmate of Hie Taunton Slate Aloital Hospital, 
was admitted to Pomhille llo'-pital foi tie.Mtmeiit of a small tumoi on his tongue. 
Due to the patient’s mental statu.'-, no histoiy was olitained e.\copt the fact that 
ho was a heavy pipe smoher. 

Examination showed a gianular lesion 7 mm. in diameter, linn and whitish, 
on the left side of the tip of the tongue. The teeth were ragged and foul. It was 
thought at the time that the lesion was of dental etiology. There were no pal- 
pable cervical nodes. 



Fig:. 3. — Myoblastoma of tong:ue. 


July 1, 1940, partial glossectomy was done. The tumor of the removed speci- 
men was 8 by 7 by 4 mm. and giayish wdiite on cut section. Micioscopically the 
picture was one of a tj'pe 2 m 3 mblastoma. 

The patient had an uneventful convalescence, and when last seen two years 
after operation wms free from disease. 

Case 3. — L. F., a 17-year-old, single female, was first seen at the Westfield State 
Sanatorium in April, 1941, having had a previous excision of a tumor of the left 
buttock, elsewhere. She had a historj' of being in an automobile accident Pebru- 
arj’-, 1941, at wdiich time she had received numerous contusion, s and abrasions to 
the bodj'. Following this she complained of low back pain and was kept in bed 
four or five days. During this time she began to complain of a tender, painful 
swelling in the loft buttock about the size of a small hen’s egg. This grew and 
became more tender as a result of lying on it. 
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AVlien first seen at Westfield, fliere was a sear ft cm. in length .iiist lateral to 
the crest of the ilhiw. The zone of the previous excision was widely excised, and 
the pathologic report wa.s heniangioeiulofhelionia. (These microscopic sections 
were not available to ns for review.) 

In January, 3942, on a follow-up visit, an egg-.sized mas-s rvas found at the 
junction of the upper and middle thirds of the incision. This mass was slightly 
movable. It was again widely excised, and the pathologic report was myoblas- 
toma (Fig. .5). 

She was given x-ray treatment, totaling 2,500 r, directed to the tumor site in 
the left gluteal region. 

She was followed regularly at the Westfield Out Patient Department, the last 
follow-up visit being in August, 194.1, at which time there was no evidence of 
recurrent disease. She has had no menstrtwl period since the x-ray treatment 
and is suffering from hot flashes. 

Case 4. — A. Iv., an Sl-year-old man was admitted to the Lowell General Hos- 
pital complaining of a tumor on the outer aspect of the lower part of the left 
thigh. He gave a history of having had a tumor excised from this area previ- 
ously, .Tune 12, 1941. Examination showed an ovoid tumor (1.2 cm. in diameter 
centering in the scar of the previous exci.sion. Operative note: Under novocain 
anesthesia the old scar and tumor were excised. The tumor was somewhat ad- 
herent to the underlying fascia but was separated from it without difficulty, 
leaving a smooth clean base. The wound was closed with interrupted mattress 
silk sutures. The specimen consisted of the skin scar tissue with an ovoid, flesh 
colored tumor (5.2 cm. in diameter attached. The tumor consisted of an outer 
solid grayish-white zone and an inner .soft degenerated zone. The pathologic 
report was myoblastoma. When last seen, approximately one year following ex- 
cision, there was no evidence of recurrence. 

Case 5. — E, P., a 24-year-Qld male laborer, was admitted to Poudville Hospital, 
Dec. 11, 1941, for excision of a tumor on the left hand, noted two years previously 
on the palm over the flexor tendon of the index finger, which had gradually in- 
creased in size to become 2 cm. in diameter. A second smaller tumor appeared 
adjacent to it. Gradually these tumors became painful and caused contraction of 
the index finger, 

Nov. 11, 1941, these masses were excised by his physician and diagnosed myo- 
blastoma, malignant. 

The examination on entry .showed an enlarged right tonsil, cervical, axillary, 
and inguinal adenopathy, bilateral epitrochlear adenopathy, and a scar 7 cm. in 
length along the thenar eminence of the left hand. 

Blood studies were within normal limits, .and the serology was negative. 

The epitrochlear node was excised for biopsy and proved to be hyperplastic. 
A roentgenogram of the chest was negative. The patient was discharged at his 
own request but delayed in returning. When he did return, there was increased 
thickening in the scar with a nodule 2 cm. in diameter at one end. The cervical, 
axillary, and inguinal adenopathy remained nnchanged. 

Jan. 26, 1942, re-excision of the tumor was done (Fig. 4). Since it was impos- 
sible to remove all the tumor by local excision, permission for an amputation was 
obtained, and Peb. 10, 1942, a partial amputation of the left hand, leaving the 
lateral two fingers, was done. Sections of this specimen revealed tumor at the 
margin of the incision. The vround healed by first intention. The left axillary 
nodes increased in size and number. 

l eb. 24, 1942, the patient had an amputation of the lower one-third of the 
forearm with epitrochlear and axillary dissection. Fifty-two lymph nodes were 
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Fijj. 7). — Myoblastoma, type 2 (Case 3). This field shows chiefly type 1 or granular 
cells. Phosphotungstic acid hematoxylin stain (X290). 
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removed with tlie dissection, all of wliieh showed h.viierjdasia hut no evidence of 
tumor. The removed specimens showed firm, ft**'.'" tissue in the sear. The over- 
lying epithelium was normal. There were clumps of polyhedral cells with foamy 
cytoplasm and few mitoses. Some of the cells were in syncytial strands. 

Five months later there was neither recurrence nor metastasis. 

Case 6. — A. K., a 52-year-old white married woman, struck her right thigh 
against a table and the following morniug developed marked swelling at the site 
of the trauma. During the next few weeks a large, soft, fungating tumor ap- 
peared over the same area. This was thought to ho a broken-down hematoma and 
it was opened by her physician releasing much bloody material. A biopsy was 
submitted to the Tumor Diagnosis Service and a diagnosis of myoblastoma was 
made. Six weeks later the patient was brought to the Huntington Hosjjital by 
her physician. At that time examination showed a tumor 10 cm. in diameter in 
the outer aspect of the central part of the right thigh extending deeply into the 
subcutaneous tissues with a fungating mass 4 cm. in diameter breaking through 
the skin. There were no palpable inguinal lymph nodes. X-ray .showed a large 
infiltrating, soft tissue tumor occupying one-half of the outer aspect of the right 
thigh. An amputation was advised, but the patient refused both this and local 
excision. She returned home to her physician, and a course of deep x-ray therapy 
(dosage not available) was given, followed by regression of the tumor. An area 
of marked radiation reaction measuring 15 by 20 cm. persisted. 

In November, 1937, a roentgenogram of the chc.st showed a small shadow in 
the right upper lobe which continued to enlarge on repeated examinations in .spite 
of deep x-ray therapy. Information was received that the patient died on April 
1, 1938, with lung metastases. The local lesion of the thigh was completely healed 
and the patient had previously been able to walk about. 

Case 7. — C. L., a 71-year-old white man entered the Huntington Memorial Hos- 
pital Oct. 14, 1941. He stated that he had noticed a small rough lesion on the 
inside of his right cheek for some time and that five weeks previously, it had 
suddenlj' developed into a rapidly enlarging tumor. Examination on entry showed 
him to be edentulous and wearing an upper and lower plate. There was a rub- 
berv', pedunculated growth measuring 2 by 3 cm. springing from the right buccal 
mucosa 1 cm. inside the right commissure. It appeared verj' vascular and was 
oozing bright red fluid. There was some roughening and granulation over a small 
area just posterior to the site of the tumor. A firm node 1 cm. in diameter was 
palpable in the right submaxillary triangle adjacent to the border of the mandible. 

Examination Oct. 28, 1941, under trigeminal block anesthesia showed that the 
lesion was larger than it had first appeared, was pedunculated and stony hard. 
The tumor, with a wide margin of normal tissue, was removed by block dissection. 

The specimen consisted of a mass of tissue measuring 4.5 by 3.5 bj' 2.5 cm. and 
was necrotic on one surface where it showed evidence of hemorrhage. On cut 
section tissue was firm and gray. A diagnosis of myoblastoma was made on mi- 
croscopic section. 

Nov. 15, 1941, a right supra-omohyoid neck dissection was done. The specimen 
consisted of a mass of fibrofatty tissue measuring 5.0 by 4.5 by 3.5 cm. On sec- 
tion one enlarged, homogeneous, cellular gray lymph node adjacent to a piece of 
salivary gland was found. The microscopic diagnosis was myoblastoma metastatic 
to one lymph node (Fig. 6). 

Dec. 2, 1941, a recurrence of tumor 1 cm. in diameter was noted at the opera- 
tive site. Biopsy showed recurrent myoblastoma. The patient was advised to 
ha\ e another excision. He did not appear again until April, 1942, at which time 
ho was admitted to the Massachusetts General Hospital. He had no therapy in 
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tlitt inU'vim nml tUpic was si jisirtly ftuetuiiiU iiu>tti.«tiitic miiHs oxtcmliiii? 

from tho ri(;lit msuulilile to tiio claviclp. Tlicri' wiis no leKrossioii fol!o«-iliff 2,100 
V of tk'i'ii x-r.iy tlu'rsqiy, suul U was iloeiilod that (he iliseiiHe ivim too lulvsuiecd to 
wsirram further theraiiy. April 25. 1012, roeiitttenoKraiaH of the chest shoived 
wetastases to the hilar lymph nodes. 'J'lie psitieut was discharged for terminal 
eare sind word ivas received that he died Aiif^. 11, 1012, 



Wlfs. 6. — Myoblastoma, type 3 (Case 7). Note invasion of striated muscle, Phos- 
photunR.stic acid lieniatoxylln stain (x310), 

Ca.se 8. — W. G., a man 05 yeans of age, entered the Huntington Hospital' com- 
plaining of a sore right chest. Si.x weeks previously, lie had struck his right 
elbow severely; four and one-half weeks previously a swelling appeared in the 
right chest, which was poulticed for two rvecks and then lanced with the escape 
of a considerable amount of “pus.” On entry the patient showed a raised lobu- 
lated mass, ulcerated and necrotic, over the right pectoral region. This mass 
measured 20 by 32 by 6 cm. The peripheral nodules were modeiately firm and 
made up of dull white tissue, whereas externally the tumor mass was dull grar'ish 
purple and necrotic. The patient died soon after entry. An autopsy showed that 
the tumor infiltrated and replaced a large portion of the pectoral muscle and 
invaded the costochondral junctions of the third and fourth ribs. The parietal 
pleura was not penetrated; no evidence of metastases was found. Microscopically, 
the tumor showed many tumor giant cells and was classified as a niyobiastoma, 
Abrikossolf type 3. 

Cask 0. — Little information is available in this case. The tumor was sent to 
thg Warren iluseum of the Harvard Medical School by the late Dr. D, F. .lones 
in 1928 and was exhibited as a gross specimen of sarcoma. Through the courtesy 
of tlie curator, Dr. M. M. Canavan, we were able to study this tumor, rvhich 
proved to be a myoblastoma, type 2. It presented itself as a spherical gray mass, 
9 cm. in diameter, embedded in the gluteal muscles. While well demarcated, it 
was not encapsulated. Owing to the fixation, its consistency could not be deter- 
mined, but apparently was about that of the muscle. The cut surface was fairly 
uniform, but indefinitely fibrillar. 

Case 10. — H. H. This case is represented only by a slide found in the files of 
the Mas.sachusetts State Tumor Diagnosis Service of a specimen .submitted in 
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1925. No clinical infoiiiintion is nviiiluble, oilier tlinn Hint tiie tiiiiior occurred 
in the left thigh of a man 81 years of age. The .slide, diagnosed in 192.5 a.s fibro- 
sarcoma, shows a myoblastoma, type 3. 

ANALY.SI.S OF CA-SK-S 

The followino analysis is based on the 44 cases collected by Kloin- 
pever,^^ 104 additional cases collected from the literature, regarded as 
meeting our criteria and summarized in Table 1, and 10 eases, the tis- 
sues from Avliich wei'e .studied in our laboratories (Table TT). 

A(je . — The age distribution is not significant, as can be .seen from 
Table 1. One congenital tnmor wa.s found. 

Bnraiion . — Since most of the tumors are small tvbon first noted, ac- 
curate data as to duration are almost impossible to obtain, irowcvor, 
of 50 ca.ses with information regarding duration. 31 per cent of the 
benign lesions bad been noticed for six monlbs oi' le.ss, as again.st 75 
per cent of the malignant le.sions (Table 111). 

Sex. — significant variation in sex distribution was noted among 
the group. 

Topography . — Data as to the location of the tumors are available in 
158 eases (Table IV). Eighty-nine cases occurred in the upper diges- 
tive and respiratory tracts, which verifies the previously reported pre- 
disposition to occur in these regions. This predisposition may be on 
an embryologic basis, l)eeause these organs develop from the primitive 
oropharyngeal cavity and its surrounding brancliial structures where 
embryologic malformations frequently occur. Eifty-nine case.s or over 
one-third of the reported cases were in the tongue. These lesions in 
the tongue are usually, although not always, benign. 

DIAOXO.STIC CKITKRI.\ 

Gross Appearance: While there is no eharncteri.stic gross appear- 
ance of myoblastoma, and the diagnosis mn-st be made on the micro- 
•scopic findings, the tumor is usually disei’ete, rounded, or nodular. 
When in relation to a mucous membrane it tends to be polypoid, but 
lacks the lobulation and clubbed pedicles of a polypoid rhabdomyoma. 
Ilesei-iptive facts were mentioned in 29 eases and ai’e quite varied. 

The following excerpts fi-om de.seriptions of tximors in various loca- 
tions serve as examples of the varied gro.ss picture presented : 
Ilrouehus— pinki.sh gray ; broad based and pednnenlatccl 
Orbit— walnut sized, attached to bone 
Bladder — mushroom shape, irregular ulcerated surface 
Bladder — pedunculated base; anterioi- wall covered Avith sessile 
papillomas 

Spinal cord — cut like a fibroma 

Thoracie wall — stony hard, encapsulated, firm, grayi.sh with over- 
lying skin red 



Reporter Cases of JIyoboastoma 
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and sometimes contain vacuoles. In some of the larger cell masses, 
granulations are present in the cytoplasm. In a few of the cells, par- 
ticularl}’’ in the better differentiated tumors, tliesc may repre.sent pre- 
cursors of the cross striations. This type of myoblastoma rarely grades 
almost impereeptiljly into the definitely rhabdomyomatous tumor, but 
usually is distinctive. The tumor is sometimes separated from adjacent 
normal muscle fibers by a definite connective tissue capsule. Often the 
peripheral cells interdigitate Avith the adjacent normal muscle Imndlcs. 

In the malignant Amriant of this tumor, the granular-cell tjTic of 
myoblast may be in part replaced by more A-ariable cells, among Avhich 
a moderate degree of mitotic actiA'ity is present. The larger proto- 
plasmic masses may contain A'cry bizarre giant nuclei, sometimes sIioav- 
ing cA'idence of abnormal mitoses and abnormal increase in chromo- 
some number. 

The stroma is u.sually fine and scattered. Tlie degree of A'ascAilari- 
zation is A'ariable, but blood channels arc not a prominent feature of 
the tumor. 

TREATMENT 

On the basis of available data 37 patients Avere treated by surgical 
excision, 3 by excision and electrocoagulation, 5 by excision and ra- 
dium thex'apy, and 1 by electrocoagulation. FolloAv-up data is too 
incomplete to be significant. It is presented in Tables I and II. A feAA' 
points deserve emphasis. One patient had a recurrence and Avas Avell 
eight months after re-excision. Another had recurrence and metastases 
from the sacrum to the groin five and one-half years after primary 
excision and Avas Avell tAventy months after dissection and radium 
therapy. One patient remained Avell five months after bronchoscopic 
electrocoagulation.®^ 

One patient AAuth tumor of the leg had five applications of radium, 
dosage not specified, and excision iov recun-ences ; the end result is 
unknoAvn.^® One myoblastoma of the tongue A\'as treated by electro- 
excision folloAved by 14,620 mg. hr. OA'er a period of six months. The 
patient later died.^” One myoblastoma of the orbit Avas treated by 
extensive radium therapy, dosage uxiknoAvn, folloAA'ed by excision and 
later exenteration of the orbit. The ])atient finally died of the disease.®" 

We knoAV of only 5 patients treated Avith radium. In one tumor of 
the tongue there Avas relief of pain but no effect on the groAA'th. In the 
preA'iously mentioned myoblastoma of the orbit, and in one of the leg, 
radiation had no apparent effect. In our Case 3, L. F., from the West- 
field State Sanatorium, x-radiation Avas applied to the tumor bed after 
the tumor had been excised. In Case 6, the patient responded to 
roentgen therapy. The local tumor regressed completely, but the pa- 
tient died of pulmonary metastases. 
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In seavchinj; Ihc liloi'nturc on inyoblasloni.-i for casox with evidence 
of malignancy, two fads are outstanding: 

1. Locally invasive and histologicall.v malignant tumors exist, 
although they are rare. 

2. Metastasis citlier hy blood .stream or lymphatic channels is 
unusual. 

Some myoblastomas were coincident with carcinoma. These usually 
developed in the upper respiratory passages and .skin as a re.sult of the 
abnormal pi-oliferation of the overlying epithelium, which characterizes 
many myoblastomas. Data as to this feature are available in 29 cases 
and, of these, in 13 or 45 per cent there was abnormal proliferation and 
in 8 or 28 per cent there was definite epidermoid carcinoma. In the 
remaining 8 eases, the condition of the overlying epithelium was normal. 

Lcroux and Delarue,^'* in reporting two tumors of the tongue, thought 
that the apparent transitions between granular cells and epithelioma 
cells were even more convincing than between granular and muscle 
cells, but this is not the prevalent opinion. 

In 10 of the cases from the literature and 4 of our own, there was 
either gross or microscopic evidence of local invasion or malignanej’’ 
of the myoblastoma itself. Although there was regional adenopathj’’ 
in 7 cases, in only 3 (Gesehiekter’s and our Cases 1 and 7) were 
metastases to lymj^h nodes proved by biopsy. 

The following are brief abstracts of those reported cases we consider 
as showing malignant characteristics: 

Myenburg^^ reports a case of myoblastie sarcoma of the tongue in 
a 57-year-old man which presumably recurred after excision, was lo- 
cally malignant, and resulted in hemorrhage and death. 

The tumors in two of Morpurgo ’s"*^ eases showed malignant char- 
acteristics, and study of his photomicrographs gives convincing evi- 
dence. The first was a tumor of the dorsum of the tongue iii a 65-year- 
old woman and was diagnosed clinically as a carcinoma. It was de- 
scribed as a villous excrescence, later progressing to a raised lesion 
with a central undermining crater. Dental trauma was thought to be 
a factor’. No metastatic nodes were demonstrated. The tumor was 
excised and the specimen consisted of nearly all of the left dorsum of 
the tongue. There were many mitotic figures and the tumor was in- 
vasive. No follow-up is given. 

jilorpurgo’s second case was that of a 65-year-old man who had a 
nodule excised from the upper portion of the right leg following five 
applications of radium. The tumor recurred twice after excision. A 
microscopic diagnosis of myoblastoma sareomatoides was made on the 
Irasis of its being more primitive and complex, simulating spindle-cell 
sarcoma. This case would apparently' fall under ty^pe 3 in Abrikos- 
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soffV classification. There appears to he no necessity for the term 
myoblastoma sarcomatoides. 

Cappell and Montgomery^® quote briefly a ease recorded by jMuller,^^ 
in 1917. as a rhabdomyoma, which they feel shoiild be classified as a 
malignant myoblastoma. This was a tumor originating in the skeletal 
muscles of the leg at the site of an ununited fracture. The tumor 
failed to exhibit striations, but its staining and morphology indicated 
its origin from striated muscle. The subsequent history after amputa- 
tion is not recorded but the appearances and clinical behavior suggest 
that the growth was malignant. 

The same authors^® present two of their own eases. The first Avas a 
myoblastoma of the tongue in a 60-year-old man, diagnosed clinically 
as a ramda and excised. It recurred a year later together Avith cervical 
adenopathy. It Avas excised and recurred again tAvo years later and 
grcAv to hiAmlAm the right tonsil and anterior pillar. It AA'as treated by 
diathermy and radium to the extent of 14.620 mg.hr. The radium 
diminished the pain but had no effect on the groAvth. The patient 
CA'cntually died and, although there Avas no autopsy, it Avas thought 
that death Avas due to recurrence in the month and nodes folloAved by 
sepsis. The photomicrographs are acceptable as myoblastoma. ^Metas- 
tasis Avas not proved pathologically. 

Their second malignant case Avas a myoblastoma in the bladder of a 
61-year-old man, AA’ith hematuria for nine days. Cystoscopic examina- 
tion and later cystotomy revealed a mushroom-shaped stalk 2 cm. long 
and 2.5 cm. in diameter, about one and one-half to tAvo inches above 
the ureteric ridge. Unfortunately, the patient died Ainder anesthesia. 
Microscopic examination of the remoA’ed specimen shoAved iiiAmsion of 
the bladder Avail, so that, had the patient liA-ed, there Avould haAm been 
a recurrence. The cytologj' in the accomiAanying photomicrographs is 
consistent AAuth the diagnosis of myoblastoma. 

Sjogren®® reports a case of malignant myoblastoma of the orbit in an 
8-year-old boy. A tumor Avas excised from under the left orbital ridge 
and at first Avas diagnosed as xanthosarcoma. It recurred postopera- 
th^ely, and he developed cervical adenopathy, Avhich Avas thought not 
to be significant. A course of x-ray therapy had no effect and the 
tumor Avas again excised and found to iiiAmlve the siTperior oblique 
muscle and supraorbital nei’A'e. It again i-ecurred and finally an ex- 
enteration of the orbit Avas done, but there Avas further recurrence 
immlving the bony structures of the orbit, and the patient finally died 
Avitli a large protruding, painful, fluctuant tumor. The microscopic 
pictures of the later recurrence Avere compatible AA'ith myoblastoma. 
In certain fields there Avas a sarcomatous appearance and there Avere a 
fcAv striated cells present. 

Geschickter^" reports a ease of proA*ed metastatic myoblastoma in a 
Avoman aged 44 years, Avith metastases to both groins from the region 
of the sacrum. Five and one-half years after excision of the primary 
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lesion there Avas an ulcer at the site of the original growth and masses 
in both groins, larger on the left. The growth on the right Avas ex- 
cised and found to be well encapsulated. On the loft, the growth 
infiltrated the surrounding tissue and Avas adherent to the femoral 
artery. Some tumor tissue A\'as left behind on the artery and four 
1 me. I'adon seeds AA-ero implanted. The patient A\'as reported aa'cII 
tAA'enty months later. Tlu'ough the eoui’to.sy of Geschickter and Hors- 
ley. AA’c haA’e been able to examine the .slides of the lesion, Avhich appear 
typical. 

Cioni’^ reports a case of a malignant myoblastoma of the adrenal 
gland AA’ith metastases to the pleura in a 4S-year-old man, AA'hich ap- 
pears acceptable as an Abrikossoff type 4 tumor. 

Loi^® reports a ea.se of a malignant myoblastoma of the loAA'er lip. 
The description is not aA'ailablc to us, but other Avriters haA’e recorded 
it as malignant. 

Our oAAui cases of malignant myoblastoma are reported as Cases f. 
6. 7, 8, and 10. That the more histologically variable types of myo- 
blastoma may metastasize has been clearly proved. The commoner 
sites for these metastases are the regional lymph nodes and the lungs. 

In most of the malignant cases, it Avas noted that there Avas; (1) 
atypism of cells, (2) exeessiA’e mitotic figures, (3) spindle-shaped cells, 
and (4) local invasion. 

Age had no clear inftuenee on the occiArrence of malignant myo- 
blastic tumors. The patients ranged from 8 to 81 years of age, al- 
though 9 of 13 Avere over 50 years of age. 

COXCLUSIOXS 

1. Myoblastoma is a tumor entity becoming more generally recog- 
nized. It is derived from embryonic myoblasts and may be distinguished 
from the rhabdomyoma group. 

2. IVe haAm revicAved the clinical data and microscopic findings of 
104 cases collected from the literature, exclusive of those reported by 
Klemperer, and present 10 neAv cases. 

3. Fifty-six per cent of these occur in the upper respiratoi'y and 
digesthm ti’acts. 

4. Fifty-nine cases occurred in the tongue and of these, 3 or 5 per 
cent Avere malignaiit. 

5. Eleven per cent of the total cases Avere malignant and of these, 
only 3 shoAved proAmd metastasis. 

6. lYheneA’er a myoblastoma is reported to have (1) atypism of cells, 
(2) excess mitotic figures, (3) spindle-cell or sarcomatous pattern, or 
(4) local invasion, it should be treated surgically as a malignant tumor 
until more is knoAvn of the nature of these groAvths, especially if the 
patient is over 50 years of age. 

7. The degree of radiosensitmty and frequency of metastasis are as 
yet unknoAvn. Both appear to be Ioav, 
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8. Tvxmors under mucous membrane or skin have a marked tendency 
to be associated rvith hyperplasia and epidermoid earcijioma of the 
overlying epithelium. 
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MALIC4NANT PAPILLARY CySTADENO]MA OF SWEAT GLANDS 
AYITH IMETASTASES TO THE REGIONAL L’iL\IPH NODES 

Robert C. Horn, Jr., jM.D., PHiL.\DEEPin.v, Pa. 

(From the Lahoratory of Surgical Pathology, irospital of the Fnivcrsity of 

Pennsylvania) 

A lthough sweat gland tumoi's liave been recorded in Ihe literature 
not infrequently, report.s of eases of proved malignancy are rare. 
Most of the carcinomas of sweat glands which have been described were 
considered malignant on the basis of histologic invasive or anaplastic 
growth, metastasis l)eing exceptional. In this communication, a sweat 
gland tumor of well-defined papillary strueture is dcscriimd wliich, in 
addition to showing invasive growth locally, metastasized to the re- 
gional hnnph nodes. 

Gates, Warren, and Warvi’ have recently published a review of 
tumors of sweat glands. They collected from the literature twenty-nine 
cases of carcinoma which they considered to be clearly of sweat gland 
origin and added six of their own. x\mong the tumors of questionable 
malignancy which they excluded arc the numerous reported cases of 
adenocarcinoma of the vulva (McDonald"), which, with the exception 
of Eichenberg’s® tumor, have not metastasized. Meta.slasis occurred in 
only four of the thirty-five cases reviewed by Gates and associates. 
Hedinger^ reported a sweat gland cai’cinoma of the scalp, which was 
excised together with two 1 cm. cervical lymph nodes which were the 
site of metastases. The tumor reported by Hufschmitt and Diss“ also 
involved the scalp ; six months after excision, it recurred Avith regional 
metastases. It Avas adherent to the periosteum of the slmll. MoriconP 
described a sAveat gland cancer AA’hicb arose in the axilla and metas- 
tasized to the axillary nodes. The patient Avas Avell and Avithout evi- 
dence of disease five years after excision of the primaiy tumor and 
radical axillaiy dissection. Eichenberg" described a tumor occurring 
on the labium majus and giving rise to one small inguinal lymph node 
metastasis. An additional ease is that recorded by Suzuki' of a medul- 
lary sAveat gland carcinoma of the patellar region, AA'hich metastasized 
to the inguinal and femoral lymph nodes. 

In addition to these cases Avith metastases, four of the tumoi’s reported 
by Gates and eo-Avorkers and tAA'o of the tumors collected by them from 
the literature (klorisani,® Diss and PeterschmidU'’) recurred locally fol- 
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lowing surgical excision. Jlorisani’s tumor also invaded the lareal 
bones, and that described bj^ TliierMder” invaded the frontal bone and 
the meninges. One of Gates' tumors invaded the auricular cartilage. 

CASK KEPOUT* 

L. Iv. (Ko. oOOg.')), a ;tl-ycar-oW Hobiew man, \\a.s fir.st aOniitted to the Hospital 
of the Univcr.sity of Pcnn.sylvnnia, May 13, 1942, witli a painless, slowly growing 
mass on the radial aspeel of the loft wrist, about 4 cm. ju-oximal ,to the radial 
styloid. It had liust been, noted lifteen years before (1927). .several months after 
an accident in which a steel sled runner had passed over the wrist without, how- 
ever. pioducing serious injury (Fig. 1). The lesion was biopsied in 1031 and 
again in 1933. At this time the patient first complained of diminution in sem-ation 
over the dorsal and radial pottion of the left hand. No lieatmont nas attempted 



Fig. 1.— Repi oOuction of a snapshot of the patient at the age of 10. The tumor of 
the left wrist is readily visible. 

until 1937, when the lesion uas excised. The tumor began to recur nine months 
after this pioeedure and a second excision was done in 1940. Shortly after this, 
enlaigenient of left axillary and epitrochlear lymph nodes was noted. Another 
biopsy uas done in May, 1941, after the tumor had again recuired locally. These 
suigical procedures noie earned out by different surgeons in different hospitals. 

The physical findings on admission to this hospital uere limited to the mass 
on the radial .side of the left foreaini just proximal to the wrist, which measured 
10 by 5 by 2 cm., and discrete, enlarged nodes in the left axillaiy and epitiochlear 
regions. Sensation nas diminished over the dorsal and ladial part of the hand 

•This case is leported with the peimission of Dr. Wilham H Eib 


:rj;GE5;\ 


.■nil tl;o 3eri r;uli;,l pui?? wrak coirqinrci irith ilie -uln.nr. X-iny.s of tlio left 

rr:?T slinren n Inrze orfec! is tke ilistrJ ponio-n. cvf tlie Toltir sspeot of tlic rndiuf 
Lssoiai-Toa ■nitl; n ^:'ft ri=?ae ror-s^ i.riir. 2). 

Xsv Jo. Jf'-i;, r. left nxilinty iSisseorion xvtis csttuvI out ntiil foo -ueoks l:i*pr. 
ererjil .Ir.y.- lieioT'o ilisfloiTj^e, tke je>5on of iko foronmi xv:i.< Inop.'icd. Tlie patient 
His rradr.itrei J-i:Tir il. joaf, and etcpivion of tke prin.ary minor ivr.? atte.mpteii 
lie follotrini:; f.riT. An intlfion ’sen? made on tlio rt.dird ^!dl' of tlio foro.ami, 
XluesT'rrr.d inv.'.sion of I’ne soft tisfnes. intlndinc t>e r.’.r.sole^. niid of tlio radiu^ 


foil- 'mi. shotvirc uostr-octivo tesaon .if the itistnl part of t!io nioitis- 


• foiina. Ahhoncli n.tidi of the rnnior ttn# removed and tlie eavity in tlie 
lU' nr-' riirett od, .all of the rnnior poald not I'O roaoliod tlirongli tlii' incision 
I ;h,i op-Tativ'H irri^ tersiraatOii. Another atrempt teas made to eotcise the local 
-lOT, tin.' mils' thronffh an inciMCin on the fexor surface of the forearm, July 
Ih4i, hat the disease ttri' too e■5aov.^t^e to pertnit complete reniximi. dnne if*, 
iih an eniaroed eiarrodih’aT lymph node tras removed.’' 

.^hfCiaitn iixna.ine.: by Pr. TTilliara E- Ehrich. Chief of tlie PivisJon 

atnii.ocy si. 1.11 rjiila.is'Iphia c^xiaral Hospital, who has Idniilv pemiittesl me to 
,.j iv.. «..frisxr.s ah' r-uisot -was .liseharcx's’ ,tul> lo. IPPA 
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Between July 22 and Aup. 21, 1012, the axilla was treated with x-ray irradiation. 
A total of 5950r was delivereil IhroucU 15 hy 20 ent. aiiferior and po«teri<ir fields 
and a direct axillary field 0 eai. in dianietor. The factors were 200 ki-., 15 Ma., 
50 cm. skin-tarpet distance and filters, 1 nim. A1 and Vj mm. Cti. {200r had 
previously been given to the epitroehlear region). 

The patient was admitted for the third time Oct. .'10, 1042, for exei.'-ion of 
two recurrent uodides in the forearm, and for the fourth time .Ian. 7, 1012, for 
repair of an indirect inguinal hernia. X-ray.s taken Oct. Ill, 1042. .showed con- 
siderable filling in of the defect in the radius. 

IVhon the extent of this patient’s disea.se was first realized, amputation of tlie 
arm was advised, lie repeatedly refu.sed to consider radical treatment until 
December, 1042. hy wliieh time the arm and hand were markedly edematous and 
there were extensive reeurrences palpable in the scarred area on the radial aspect 
of the forearm (Fig. 2). On December 12. 1042, amputation was performed jmst 
distal to the deltoid insertion but above the upper limits of tlie edema. 



Fig. 3.— Photograph ol the patient one month before amputation. In addition to 
the tumor and scarring of tlie forearm, tiiere is generalized swelling below the mid- 
portion of the arm. 


P.YTHOLOGIC DESCKIPTIOX 

Gross. — The arm, amputated 12 cm. above the elbow, was greatly swollen, large 
amounts of thin clear fluid escaping from the tissues on incision. A large tumor 
mass invaded and destroyed all the soft tissues of the dorsal part of the distal 
12 cm. of file forearm, involving to a limited degiee the radial aspect of the 
palmar surface as well. The skin overlt-ing this mass was extensively scarred and 
firmly bonnd to the tumor tissue. The distal 4 cm. of the radius was destroyed 
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by tlie tumor, only pegnient"- of the cortical outline being discernible (Fig. 4). 
Proximal to the area of clestruetion, the bone was rough and extremely dense nith 
a rery small marrow cavity. Although surrounded on three sides by the growth, 
the vdna v.as not involved. The ladioearpal joint was invaded at one point, there 
being a small area of neoplastic involvement of the lunate bone and the articular 
cartilage. 

The tumor nas composed of adherent nodules varying in diameter fiom a few 
millimeters to 1.5 cm. Some of these, in general the smaller ones, weie solid but 
soft, pale gray, and frequently gelatinous. Other nodules were larger and dark 
blue, proving to be thin-walled cy.sts containing moderately thin, bluish-red fluid. 
Soft, pink tissue was usually found adherent to the lining of these cysts, at times 
completely Ailing them. 



Fig. i. — Gross appeal ance of the tumor. .•! shows the dorsal aspect of the fore- 
arm. B the cut surface. The arrow indicates the radiocarpal joint, adjacent to which 
a small portion of the radius is pieserveil. 


A mass of similar turaoi tissue about 3 cm. in diameter was also found in the 
depth of the opeiative scar in the epitroehlear region. 

The tumor had a similar gross appearance in all of the specimens previously 
excised and studied in this lahoratory, including the axillary lymph nodes. 

JIicioscopic . — The tumor was composed of a number of cystic cavities some- 
times lined by a smgle layer of epithelium, but more often with a papillary growth 
which more or less filled the lumen. The cells were generally cylindrical oi cuboidal. 
Tlie nuclei wcie ovoid and fairly uniform. Some of the cells contained droplets 
of material which had the staining properties of mucin. This material was abun- 
dant in the gland space-- formed in many of the more solid papillomas (Fig. 5). 
Fresh hemoirhage and deposits of hemosiderin were observed in the lumens and 
walls of mam of the evsts. In general the cysts were well circumscribed, the 
tumor tissue being confined vvitliin tlieni. These cysts were widely distributed 
throughout the soft tissues, invading especially the skeletal muscles (Fig. 6). The 











354 


SURGFRY 


liistologic ax)peaiance of tlie tumor es'.ontially the same in all the ^^cetions 
from all of the specimens stuflied, with the single exception of the radius. The 
metastases in the lymph nodes also .ohoued this structure (Fig. 7). In the radius, 
cj’st formation nas noted only occasionally and the tumor freely infiltrated the 
mairon spaces. Fibrous stroma was abundant only in .=ome of the latter areas 
(Fig. S). 

The tumoi did not show the anaplastic qualities usually associated with malig- 
nancy and mitotic figures were rare. New bone formation wa« observed beneath 
the periosteum of both the radius and ulna but the tumor did not inrade the latter. 



Fig. S. — Photomiciograph showing invasion of the Oistai part of the raillus (hema- 

toxjim and eosin. xloO). 


' C05OIENT 

This tumor corresponded morphologically with the group of sweat 
gland neoplasms classified as hydradenoma papilliferum by Gates, "War- 
ren, and "Warvi, and resembled the lesions reported in the literature 
as syringadenoma papilliferum or nevus syringadenomatosus papilliferus 
('Werther’^) or as hidradenoma (Pick’'’). Not only the local lesions 
in this ease, Imt even the lymph node metastases had a striking, in- 
tracystic papillary structure. Only wltere it invaded the radius did the 
tumor tend to lose this appearance and to infiltrate the tissues diffusely. 

Gates and associates regard three of their hydradenoid carcinomas 
as having arisen from pre-existing tumors of the hydradenoma papil- 
liferum type, but they did not maintain a papillary structure through- 
out. Tlie meta.stasizing tumor of the vulva reported by Eichenberg ap- 
peared to have a similar origin and Hedinger’s tumor had a gross papil- 
lary configuration, and histologically some portions showed the forma- 
tion of papillae. The seventeen-year history in the ease under discussion 
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indicates a relatively low grade of malignancy and suggests that this 
malignant tumor may have arisen from a cystadenoma. 

In addition, this tumor resembled the reported sweat gland carcinomas 
of proved malignancy in that metastasis was limited to the regional 
lymph nodes. Similarly, hone invasion has heen previously recorded 
(jMorisanr' and Thierfcldcr”). 

The principal consideration in dilTcrential diagnosis was metastatic 
carcinoma, in particular metastasis from a papillary carcinoma of the 
thyroid gland. However, this appeared to lie very unlikely in the light 
of the clinical course and in view of the abundant mucicarminophilic 
material present in the tumor. 


SUAIAIAKY 

A malignant .sweat gland tumor has been described which arose in 
the forearm of a 33-ycar-old Hebrew man. It. was first noted when the 
patient was 16 years old. Over tlie course of 17 years, it recurred locally 
four times, invaded the radius, and metastasized to the epitrochlear 
and axillary lymph nodes. In all of its manifestations, the tumor 
showed an intracystic papillary structure. At the time of this com- 
munication, twenty-two months after pathologic demonstration of bone 
invasion and extension to the regional lymph nodes, and three months 
after amputation of the arm, there is no clinical evidence of distant 
metastasis. 
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EXPERDIENTAL OBSERVATIONS ON THE IimiAN 
ILEOCECAL VALVE^ 

Captain Rayjiond E, Buirge^I JIedic-vl Corps, Arjiy U. S. 

T he reports of Sraceiven,' Rutherford," Short, ^ Bargon, Wesson, and 
Jackman'' indicate that tlie opportunity for prolonged and repeated 
observations on the ileocecal valve usually do not materialize. Wliite, 
Rainey, Monoghan, and Harris" reported at length upon the nervous 
control of the sphincter and its reaction to certain drugs. As a result of 
the thoughtful awarene.ss of Dr. Clarence Dennis concerning my interest 
in this junction of tlie alimentary tract, the follo%s-ing observations were 
made po.ssible on the ileocecal junction of a patient foi- whom Dennis 
had necessarily e.xteriorized a portion of the lower ileum and cecum. 

CONDITIONS OF THE EXPERIMENT 

The patient was a 26-year-old Freneh-Indian woman in an excellent 
state of nutrition. The observations were made two months aftdr the 
exteriorization procedure, during a period of four weeks prior to a 
right hemicolectomy. The patient was on a general hospital diet 
and weighed 121 pounds. No medication was given other than that re- 
quired for these experimcnt.s. Olxservalions were usually continuous 
from 8:00 a.m. for a period of ten to twelve liours. with oeca.sional rest 
periods. 

The cecum was open, and attached to the abdominal wall in such a 
fashion as not to permit encroachment of the pailetes upon the terminal 
ileum or the ileocecal valve. Approximately 10 cm. from the valve the 
lower ileum were exteriorized and completely cut across so that all 
intestinal content was evacuated through a proximal external ileal 
fistula. No intestinal content was transported by way of the distal ileal 
loop into the cecum. In the immediate area of the proximal fistula were 
numerous loops of small intestine with fi.stulous openings from which 
intestinal content escaped. 

THE ILEOCECAL, EMNENCE 

The lips of the valve were thin, 2 to 5 mm. thick, depending upon the 
state of contraction. The superior lip projected from tlie cecal wall 3.5 
cm. and the inferior lip 2.5 cm. The aperture vaiied in size and shajie, 
depending upon the state of activity. At rest it was a narrow trans- 
verse, oval orifice 3.0 cm. long, with the frenulum distinctly visible. 
^Yhen eontraeted it appeared erectile, broader at its attachment to the 

•.Aided bj' a grant from the Graduate School, University of Minnesota. 
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eoeal m’jiII, iiml jiciilly lam'rin^*' to :i roinidod ('Xtivinity 2.0 fin. iifros-s 
with the ovififc closed and lioundcd liy an everted liorder of juiekercd 
mucosal folds. 

Tlic ileocecal ])ronuneneo was normally a dee]) ])ink in color, and 
generally in a semirelaxed .state whether the iiaticnt were awake or 
asleep, except innnediafely before and during eating, when propidsive 
and segmental activity became evident by contraction of the entire 
structure and lengthening and shorteniim as it ap])earod to project and 
retract. At times a gelatinous mneons secretion would be actively ex- 
truded through the lips. 

Palpation of the contracted structure revealed that the apex con- 
sisted of soft yielding ti.ssue (the arches*' of the frenulum) which 
would admit the tip of the finger with slight resistance. Within the 
lumen, and for approximately 1.0 cm., an increase in resistance was 
noted which could be overcome by gentle pi'cssure. Just beyond this 
area, for a depth of 2.0 cm., a region of contraction was encountered 
beyond which the finger could not be passed until relaxation occurred. 
Persistent effort to do so caused the patient pain, which was referred 
to the e])igastrium, and damage to the mucosa as evidenced by tears in 
the ileal mucosa and .slight hemorrhage. When relaxed, the limits of 
these ai'cas could not be recognized. ® 

TYPE OF II.EOCECAL VALVE 

The medial and lateral frenula of the valve were plainly visible, ex- 
cept when the ileocecal structure Avas com])letely relaxed. The medial 
frenulum Avas formed by the medial superior and medial inferior 
arches® of the valve. The lateral frenulum appeared to have divided 
into separate lateral inferior and lateral superior arches (Fig. 1), hoAV- 
ever after examination in the fresh state and later' after fixation, the 
lateral superior and inferior arches Avere observed to form the lateral 
frenulum (type I ileocecal AmlA'c). 

AFFAR.VTUS 

Satisfactory kymograph records Avere obtained Avith Elliott's' balloon 
applicator connected to a spirometer type volume recorder Avith a 
Avriting lever. Tandem balloon records Avere obtained by an independent 
balloon-tambour sy.stem® attached to the Elliott applicator, so that both 
balloons Avere spaced independent of each other and used as a single 
instrument. The Elliott system, A\dien filled Avith 7.0 e.c. of air, exerted a 
pressure sufficient to sustain an 8.0 to 10.0 cm. column of Avater. 

SPONTANEOUS ACTIVITY OF THE TERMINAL ILEUM 

Qualitative and quantitative control studies of spontaneous activity 
of the extramural terminal ileum, the sphincter, and ileocecal valve Avere 


•The word arches, as applied here and in a previous publication' was suggested 
by Edward A. Boyden, Professor of Anatomy, University of Minnesota Medical School. 
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recorded during twenty periods of 30 to 120 niiinites. Additional con- 
trol records were obtained between the ding ex])Ci-iinen1s. 

Control records revealed that there Avcie periods of quiescence and 
acthdty in all three ai'eas. The activity of the segments varied, but at 
times all the segments Avcre quiet. Dinimr periods of motility the 
proximal exteriorized small bowel loops Avere' equally and similarly 
active, expelling intestinal content. At no time was sj>ontancons activity 
in the ileocecal lips, si)hincte)', or extramural terminal ileum noted in- 
dependent of activity in the proximal ileal loop.s. 


Cecal wot 1 


Superior lip 


Latera 1 
frenulum /'. 



Medial 

frenulum 


Inferior lip 


Figr. 1. — Artict’s sUotcli of tlio ileocot.U \al\c and the cccuin. 


The extent and frequency of eontraelions Aaricrl. being nio.st energetic 
in tbe morning and ie.ss active in tbc cA^miing. Propulsive actiA-ity con- 
stituted a small fraction (10 per cent) of the total motility aa'IucIi Avas 
nonpropxilsive, AA’ith A-arying states of tone. At times actiAuty of tbe 
sphincter consisted of continuous contractions and relaxatioiAs over a 
period of an hour, then tbe interval bctAveen contractions Avould leirgthen 
until tAventy to thirty minutes would expire. During such times a semi- 
relaxed state Avould be effected. During eAmcuation at the proximal 
fistula (usually tAvo to three hours after a meal) a short comparable 
pei’iod of sphincter and valve motility occurred folloAved by relaxation 
of the entire intracocal poi’tion of tbe terminal ilomn. 


KFFECT op AIECH VXIC VL STrMEL.mOX 

The valA'e or sphincter Avas not observed to maintain a state of 
prolonged steadj' contraction, or spastic tonus. Sevei-al hundred con- 
tractions Avere reeoi’ded from diffe eut areas of the intramui'al and 
intracecal terminal ileum. The range of duration of contraction Avas 
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Icii seconds lo throe ininnlos. The jirealesl reaction to any stimulus 
resigned wlmn a stream of water o)- a foreisn l)ody was introduced into 
the orifice of the valve. 

Introduction of the finger into the relaxed structure produced a 
contraction along the eutii'o extent of the intra(“eeal portion of the 
terminal ileum, which grasped the finger at once and held it steadily. 




area 





Spontaneous Spontoncous Spontaneous 

contraction contraction contraction 



3 cc air injected into 
baltoon - tomoour system 
0,2lt>-4i.l-50PM 


ninwfe 

2. — Tandein balloon kyniogtapli tracing of the ppontancovis activity of the 
ileum and ileocecal sphincter. There are independent spontaneous contractions in 
both areas. Air was injected into the ileal balloon .system to test the independence 
of the two sy.stcms. Identical tyties of waves occurred in the ileum and sphincter 
area, reproduced by different recording systems. 


'. 22. 2-l8-^3 






A- 


FrenuiQ of ileocecal valve 



^^echamcql stimu li 5 cc air i nject ed into 

_ 

■■■■—■■MB— !■■■■■■— 


Fiff. 3. — ^ICj’mograph tracing of the activity of the ileocecal valve and the ileocecal 
sphincter. Spontaneous independent contractions and contractions resulting from 
mechanical stimulation occur simultaneously in both structures. The injection of 
5 c.c. of air mto the balloon-tambour sy.stem illustrates the independence of tlie two 
balloons residme: withm the sphincter and within the lips of the ileocecal valve 


Ileal waves could he felt blending into or dying out as they reached 
an area of increased eontraction at the intramural portion of the 
terminal ileum. IMomentarily the grip Avas firm, then longitudinally 
and circumferentially segmental areas Avonld .slightly relax and eon- 
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tract. Shortly, a definite propulsive wave from the ileum would pass 
through the entire structure, terminating by contraction of the valvular 
lips. A pause of relaxation ensued, then the cycle would repeat with 
somewhat less intensity. 

A gentle brush of the mucosa of the cecum or either frenulum would 
produce a contraction of the valve, and sphincter, after two to three 
minutes relaxation would be complete except for niimerous segmental 
movements of the valvular lips. A strong stimulus would produce in 
the patient a vague epigastric distre.ss, which at times amounted to 
pain. This subjective complaint preceded the actual contraction bj' 
three to five seconds. During such a contraction the orifice would be 
tightly closed, preventing the introduction of an instrument without 
damaging force. 

Twelve i^eriods of thirty to ninety minutes were utilized to record 
the re.sults of mechanical stimulation. The at^plication of any adequate 
stimulus, such as stretching by the introduction of an instrument into 
the sphincter area, was followed by a latent period of two to twenty 
seconds before contraction started. A summation of stimuli could be 
produced at the time of the original .stimulus and in the earlj' phase of 
contraction. During the phase of relaxation the structure was not con- 
.stantly refractory, as contractions could be produced, but these Avere not 
as strong as the initial responses. During the recovery period no predic- 
tion of its duration could be made, as often considerable time Avould 
elapse during which the structure Avas refi*actoiy to all forms of stimuli. 
The irritability of the area Avas generally the same for the period ob- 
sei’ved, although fatigue or adaptibility Avas observed to occur after a 
particularly active sequence of cA'eiits. The best results Avere obtained 
Avhen the patient Avas enthusiastic about the Avork to be done. Bad 
iieAA's or disagreeable circumstances noticeably inhibited the actiA'ity of 
the .small intestine, sphincter, and A-alve. • Occasionally experiments 
AA-ere .suspended or postponed due to marked reduction in irritability. 

EUECTKIC.AL .STI5IULATIOX 

Stimulation Avith a constant break and rapid tetanizing current of a 
HarA'ard inductorium, using the device of Boyden“ AA’hich consisted of 
a standard Eehfuss tube transformed into an electrode by inserting a 
copper wire throAAgh the oral end of the rubber tubing and connected 
to the primary of the inductorium, and the secondary coil connected 
to a moist lead electrode on the patient’s aimi, failed to produce a con- 
traction Avhen applied to the mucosa of the cecum, of the intramural 
terminal ileum, of the sphinefter area, or the ileocecal A^alve (Pig. 4). 
Induced current stimuli Avere accompanied by contraction of the ileum 
AA'hen tlie electrode Avas placed proximal to the intramiiral portion of 
the terminal ileum. InconclusiAm results attended a second experiment 
using fine sih’er AA'ire clips as the primary electrode. 
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RESPONSE OE THE- ICXTRAJIURAL TERMINAL ILE.UM, ILEOCECAL SPHINCTER, 
AND ILEOCECAL A'ALVE TO DRUGS 

The generally persistent area of sphincter contraction lay internal 
to the ileocecal valve (mucosal lips) and at, or slightly distal to, tlie 
extramural portion of the terminal ileum and occupied an area of 
approximately 2.0 cm. in length. A number of drugs commonly used 
on surgical ]iaticnts were em])loyed (Talilc T). Conti’ol records of from 
twenty to sixty minutes were obtained liefore the drugs were adminis- 
tered. 

Morphine Snifaic. — Over a period of seven minute.s, .015 Gm. of 
morphine sulfate was administered intravenously. Tlie jnitient was 
asleep thirty minutes later. During tliis interval the proximal loops 
showed an increase in tonus and motility. Both segmental and pro- 
pulsive areas increased in strength and regularity. The terminal ileum, 
sphincter, and valve showed a decided diminution of motility until the 
activity jiresent was represented by small segmental waves, with in- 
creasing weakness and loss of tonus until at the end of an hour the 
sphincter was completely relaxed and the ileocecal structure was pro- 
lapsed upon the abdominal wall. The sphincter and valve were refrac- 
toiy to mechanical stimuli as repeated stimulation of tlie cecal wall, the 
lips of the valve, or the frenula failed to produce a re.sponse. 

Amyl Nitrite. — The inhalation of 0.3 Gm. of amyl nitrite accompanied 
by pronounced systemic reaction with depression of the systolic blood 
pressure Avas Avithout conclusive effect except in one experiment, Avhen 
it AA’as used successfully in relaxing a persistent painful segmental spasm 
of the extramural terminal ileum AA’hich folloAved the injection of 1 c.e. 
of pituitary extract. 

Papaverine Hydrochloride. — ^PapaA'erine hydrochloride, .032 Gm., ad- 
ministered intraAmnously Avas folloAved by an increase in activit}* of the 
small intestine. Contractions of the sphincter Avere unaffected during 
an inteiwal of normal actiA’ity, folloAved by increased motilitj’- and tonus. 

Adrenalin. — Adrenalin hydrochloride, ■ administered subcutaneously 
in physiologic doses, abolished all activity of the sphincter and A'alve 
and rendered the entire structure refractory to mechanical stimulation. 
Five experiments in aa'IucIi the general systemic reaction AA'as adequate, 
and once severe, indicated Avithout exception complete relaxation of the 
ileocecal Amlve and sphincteric structure. The extramural portion of 
the terminal ileum and the proximal ileal loops relaxed AAuth a cessation 
of segmental and propulswe moAmments. 

Ephedrine Sulfate. — Bphedrine .sulfate, .05 Gm., applied to the cecal 
mucosa of the ileocolic eminence resulted in immediate inhibition of 
segmental and propulsive action of the valve and sphincter. 

Epinephrine iIydroc7iZo?-icZc.— Epinephrine hydrocldoride, .06 c.c. 
(1:1000) subcutaneously, .suppressed all spontaneous motility of the 
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intosliuc, sphinclor, ;md valve. A diminulion in (onus was evidenced by 
marked relaxation of the valve and s]ihinctov dnring which time the 
ileoccenm was refractory to all stimnli. 

Pilocarpine. — Spontaneous activity of the sphincter and the A'alvxdar 
lips was observed for seventy minutes, during which time the motility of 
tlie sphincter and lips was generally equivocal. ^Mechanical stimulation 
resulted in contraction in both areas. J^Mllowing the subcutaneous injec- 
tion of 0.6 c.c. of adrenalin, there was complete cessation of all activity. 
Twenty minutes later, immediately after the injection of .006 6m. of 
pilocarpine, there followed resumption of segmental waves in the valve 
while the sphincter was somewhat slower to resume activity. 

Sirijchnine Stdfaic. — Strychnine sulfate, .002 Gm. dissolved in 2 c.c. 
water and applied to the cecal mucosa of the ileocecal eminence, 
inhibited contractions of the sphincter. The experiment was not re- 
peated. 

Airopinc Sulfate. — Atropine sulfate, .0005 Gm. subcutaneously fol- 
lovdng the establishment of augmented motility after the injection of 
1 c.c. prostigmine methylsulfate, produced an immediate inhibition of 
propulsive and nonpropulsive activity in the terminal ileum and 
sphincter. 

Prostigmine Dimethyl Carbonic Ester of Oxyphenyl-trimetliyl Am- 
7nonium MethyUulfate. — One cixbic centimeter subcutaneously increased 
peristaltic activity in the ileiun, the proximal small bowel loops, and the 
sphincter. The increased motility persisted for one to two hours. At 
another time adrenalin hydrochloride, 0.6 c.c. (1:1000) subcutaneously, 
resulted immediately in an antagonistic effect on the increased pro- 
pulsive and nonpropulsive motility of the intestine, sphincter, and valve 
produced by prostigmine methylsulfate. 

Acetyl-Beia-Methylcholine Chloride (Shechohil). — Twentj^-five milli- 
grams intravenouslj" following a forty-minute interval of spontaneous 
activity resulted in complete cessation of all activity and relaxation of 
the sphincter. Normal mobility was resumed at the end of four hours. 

Pituiii'in (Posterior Pituitary Extract). — Pituitrin, 1 c.c. intramuscu- 
larly, was accompanied in two experiments Iw increased propulsive and 
nonpropulsive activity of the intestine, sphincter, and valve. The 
patient complained of “gas pains.” The response occurred promptly 
and lasted approximately two hours. On another occasion 1 c.c. of 
pituitrin was administered intramuscularly after a meal. Propulsive 
and segmental motility occurred promptly in the three areas, especially 
the extramural terminal ileum in which a segmental spastic contrac- 
tion occurred in the area of one balloon lasting twenty minutes pro- 
ducing intense pain. This was relieved after relaxation of the spastic 
contraction which followed the inhalation of amyl nitrit 
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in’ri'.CT OK DISTUNTION OK Till'; COI.ON 

The siiliiiicter's conti'jiclile oiul .seirnieiif.il iielivity avji.s iiihil)iled 
(Fi<j\ 5) during- the jiilrodnelioii. ;nid pai’tien];ii-]y jil’icr Iho disieiilioii 
incideiilal to a saline enema of 1,500 e.e. 


KKKKOT OK INCUKASKD INTKAA KSICAI, KUKSSUKK, 

By means of a l)alloon residin”; in the nimiary bladder and opnnected 
to a mci'cnry manometer aiid wate?- system, the inl7vivesical pj'ossnre 
was increased Avithout refl\ix into the ureters. The activity of the 
valve, sphincter, and ileal loops M'as )-ednced (h'ifr. 0) by increment of 
the intravesical pressure.’"-’* Augmentation of activity follo^vod the 
release of inti-avesical ]n-e.ssure. 

SUMMAItV 

The factors which determine the slate of closure of the ileocecal 
sphincter sucli as the pressure of material in the bowel, that is distention, 
wei’o not operative in this jjatient as all intestinal content introduced 
orally was shunted to the exterior tln-ouf>h a proximal fistula. 

It was observed that retraction or shortening- of the ileocecal .structure 
occurs when the segments are coordinated to acce]fi a propulsive wave 
from an adjacent segment. The ileocecal valve during a propulsive con- 
traction is obliterated by retraction of the frcnula and the di,sappearancc 
of the mucosal folds of the valve as they are retracted over the con- 
tracted musculatx^re of the intraeccal terminal ileum. A nonpropulsive 
or segmental wave is not associated with shoi-tening of the active seg- 
ment and the valve is not obliterated. The ileocecal valve is most readily 
visualized during periods of inactivity or diminution of tonus in the 
sphincter area. 

The ileocecal valve is generally considered to have a passive mechan- 
ical function dependent’- u])ou a complete frenulum (type I ileocecal, 
valve was found" to occur in 5-i per cent of 500 human cecums) and in- 
creased intracecal tension whereby the latei-al and medial frcnula arc 
made taut, closing the arches of the valve. In addition to this adynamic 
action of tlie ileocecal mucosal folds, the valve has been shown to be 
capable of approximation of the lips by muscular contraction (Pigs. 1 
and 2). Independent contraction of the valvular lips and sphincter 
resulted by varying the intensity of the stretch stimulus. In addition 
to the records of contraction the examining finger has been gripped by 
the mucosal lips. 

The observations of Wesson,’" and White and associates" were con- 
firmed as to the presence of a definite contracting muscular band within 
the cecal portion of the terminal ileum proximal to the Jnuco.sal lips. 
Boyden examined this area and suggested it may be located in the 
aperture of the colon where the ileum passes through the cecal wall. 
When contracted the intc.stinal lumen completely excludes the introduc- 
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lion or jui inslninioiit boyoiul llic sphiiiclei- williout ;i I'orco Tar exceed- 
ing tlie pressures found by AVangensteen” and Sperling'^ M’ithin the 
colon in eases of colonic obslrnction. Rutherford, AVhite and co-workers, 
and AAR'sson have mentioned the difficulty of forcing the sphincter from 
the cecal side. An opportunity to determine tlie resistance of the 
sphincter from the ileal as' well as the cecal side was overlooked in this 
study. 

The inhibitory effect of increased intraluminal ten.sion, intraeolonic 
and intravesical pressure, upon the contraction of the sphincter may 
upon occasion be one of the physiologic factors underlying incompetency 
of this junction when the type of ileocecal valve due to its variable 
structure would not justify an expectation of competency. 

The reports of others'’ ’•> have repeatedly indicated tlie species 
difference of the reaction of the sphincter and valve to adrenergic .sub- 
stances. The reaction of the human ileocecal valve and sphincter fol- 
lowing the injection of epinephrine-like substances and other drugs 
justifies the assumption that these .structures behave not-unlike the small 
intestine. AVesson^^ and agree that the presence of an extracireular 
muscle in a large number of embryonic and adult specimens of the intra- 
ceeal terminal ileum was not observed upon microscopic examination of 
innumerable serial sections. 

COXCLUSIOX.S 

Experimental results indicate that the mechanical, hormonal, and 
local reflexes of the ileocecal valve and .sphincter are so adjusted as con- 
stantly to produce responses identical with those of tlie small intestine 
to adrenergic and cholmergie drugs. 

The balloon method of investigalion failed to reveal any funda- 
mental distinctions in the behavior of the ileocecal valve, the ileocecal 
sphincter, and the small intestine. 

The apparent similarity of activity in the extramural terminal ileum, 
sphincter, and of the intracccal ternmial ileum and the ileocecal valve 
gives rise to the need for further interest in the physiology of this area. 

The presence of an area of increased contractility was observed within 
the cecal portion of the terminal ileum. 

Prolonged tonic contractions, characteristic of sphincter action, were 
not observed. 
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PAPILLOIIA OF THE GALL BLADDER 
William Greekwald, jM.D., New York, N. Y. 

I N REVJEAVING the literature on the subject of papilloma of the 
gall bladder one is immediately impressed with the diversity of 
opinion as to the occurrence of this pathologic entity. 

Kerr and Lendrum^ in their extensive review of the subject. con- 
cluded that but twenty-one “authentic” eases had been found uji to 
1936. Yet, one writer alone, Phillips- reported 500 cases of one or 
more papillomas found in an unstated number of gall bladders removed 
at the Mayo Clinic in a period of six years from 1923 to 1929. Shepard 
and associates,^ in a reiiort on gall bladder tumors iu general in 1942. 
reported forty-five cases under the heading of polypi, which from their 
pathologic description probably were mostly papillomas. These eases 
were a collection of the three authors over a period of thirty-two years 
from 1906 to 1938. Kirklin'* I'eported in 1931, that the incidence of 
papillomas was about 8.5 per cent in more than 1,700 gall bladders re- 
moved at the Mayo Clinic over a period of seven years. This publica- 
tion covered the same period as that of Phillips- of the same clinic 
and shows a marked statistical variance. KirkliiP also reported, in 
1932, fifty-one cases diagnosed roentgenographically of Avhich fifteen 
were treated surgically and fourteen were pathologically demonstrated 
to be papilloma. 

In a casual survey among surgeons of my acquaintance and from 
the records of the hospitals with which I am connected, a single inci- 
dence or no knowledge of a single ease of this pathologic entity could 
be recalled. AVithin a period of six months two such cases have come 
under my care and were diagnosed preoperatively as papillomas of the 
gall bladder. 

C.\SE 1. — H. T., a 46-year-old white woman, complained of pain in the right upper 
quadrant one-half to four hours after meals, particularly after fried or fatty foods 
had been ingested. Loss of twenty pounds in weight was also reported. The 
patient was a tripara who was in excellent health up to three years before admis- 
sion when, because of menorrhagia due to- uterine fibroids a hysterectomy had 
been performed. Following this, surgical menopause associated w-ith moderately 
discomforting climacteric sj'mptoms occurred. Estrogenic tlierapj' was instituted 
and the patient was in good health until the initial attack of upper right quadrant 
pain. About six months before admission the patient had a severe attack of 
colicky pain in the right upper quadrant radiating around the upper abdomen and 
backward toward the right scapula. This was accompanied by nausea and vomit- 
ing. A physician administered morphine, which relieved the attack. However, 
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since that time the ingestion of fatty and fried foods caused bloating, soui eruc- 
tations, and belching. Appetite was pool because of fear lest eating precipitate 
an attach. 

Examination showed appaient loss of ■weight, sliglit epigastric tendeiness, and 
niidhne low abdominal scai. Examination was otherwise essentially normal. 

Theie weie no abnormal urinaiy findings. Hemoglobin was 82 jicr cent; 
eiythroejtes, 3,800,000; leucocytes, 7,G00; x>olj'>iioiphonucleais, 62 per cent (58 
per cent segmented and f pei cent stab); lymplioc.vtes. 35 per cent; monocytes, 2 
per cent; eosinophiles, 1 per cent. Gastric analysis showed.no fiee acid in fasting 
specimen. Theie was maiked hypochloihydiia by the fiactional method (Ewald 
meal), free ludrochloric acid leaching maximum 10 dcgiees at forty-five minutes, 
and no abnormal microscopic findings. 



/ 


Fip. 3. 

Gall bladder seiies reported by Di. Fiederie Betelheim showed a normal si/ed and 
shaped gall bladder, well visuali/.ed. There was a small negative shadow icmaining 
in the same relative jiosition in all view.s. Emptying was slightly delaj-ed. This 
negatiie shadow was thought to be a stone or a papilloma. Because of the con- 
sistently fixed position of this shadow the latter was considered more likely. 
Gastrointestinal series revealed no pathology. 

Upon oiieiatioii ^Maich IS, lilffi, a small thin-walled gall bladdei was found 
which emptied itself easili upon piessuie. Ko stones or giowths could be pal 
pated within the fundus. The common duct was explored and revealed no pa- 
thology. No' other intraabdomiiial abnormality was seen. Because of the symp 
tnirntnlop-v and x-rav findings the jiall bladder was remoicd. When opened and 
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examined, a pea-sized papilloma iias found in an otherwise appuiently normal 
gall bladder. The pathologic lepoit on the specimen submitted was as follows: 

Gross examination showed a gall bladder a cm. long by li/. cm. wide at mid- 
portion. The thickness of the wall averaged 1 mm. The mucosa was diffusely 
reticulated and there vas at the fundus a papilloma the size of a split pea. 

Microscopicall}', the histologic picture presented an edematous fibrous tissue 
core coiered by a layer of low columnar epithelium. At times, continuous papil- 
lomatous stalks came together and produced a picture of adenoma. The structure 
of the individual papillomatous stalks is best seen nhen cross sections of a few 
of them are represented in a microscopic field. 

The postoperative course was uncomplicated. On subsequent examination the 
patient’s appetite had returned to normal witli gain in v eight and no further 
food idiosyncrasies. 



Fig. 6. 


Case 2. — E. K., a 36 year old white married nullipaious woman, complained oi 
slight discomfort after eating. About one week previous to examination the patient 
liad a severe colic in the right hypochondriura accompanied by nausea and vomiting. 

The patient had had the usual childhood diseases. Otheiwise she had been fairly 
well except for an attack of appendicitis about eight vears before admission for 
which appendectonn was peifoiiiied. Following this tlie patient suftered fioni con 
stipation and vague gastrointestinal complaints. An operation lot ‘‘adhesions” was 
performed about three veais before admission, after which tlie patient stated she 
felt fairly well except for an occasional attack of indigestion. 
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AIjoiC one week i>revious to lulinillnnee the jiulient !i:ul n severe nttni'U of jmiii 
in the right ni)por qnndrnnl. A pliyMcian rlingnosed (he e,on(lilion ns an acnto gall 
stone colic and administered inorpliine which relieved all symptoms. 'I'la* patient 
was referred for surgery with a diagnosis of cholecystitis with cholelithiasis. 

Physical examination was essentially negative :md hlood eonni, hhuid chemistry, 
and urinalysis were normal. 

Examination of the x-ray ]iictnres snhmitted sliowed a small negative shadow in a 
well-filled gall hladder which was slightly larger than normal. The gall bliidder 
emptied fairly well after :i fatty meal and the negative shadow persisted. The nega- 
tive shadow was reported as a single stone. However, hecause of the relatively fi.xcd 
position of the shadow in all vicw.s, a diagnosis of papilloma of the gall hhidder 
was made. 

Upon operation, Aug. 12, lil-13, numerous adhe.-ions were found although the gall 
bladder itself was fairly free except for a few small biinds between the fundus and 
the hepatic flexure of the colon. The gall bladder emptied itself easily, was thin- 
walled, and no stones were palpated within it or in the biliary passages. The organ 
was removed in spite of its normal appear.anec because of the rocntgenographic 
findings and previous historj' of colic. UjiDn ojicning the gall bladder a small 
papilloma was found in the fundus and the nincosa showed a typical picture of the 
strawberry gall bladder. 

Pathologist 's report . — Pathologic e.xaminatiou of the gall bladder showed a pear- 
shaped gall bladder G'/o cm. long and 3% cm. wide. The organ had been turned 
inside out and the mucosa presented a typical strawberry appearance. The wall was 
edematous and averaged 3 mm. in width. A papillomatous mass the size of a split 
pea was present on the mucosa. There were no stones. 

Microscopically the picture was that of a chronic cholecystitis with a localized 
papillomatous excrescence. The latter consisted of a layer of epithelium from the 
mucosa of the gall bladder, investing ti core of clear cells filled with lipoid. 

The postoperative course was uncomplicated and subsequent examination showed 
the patient to be in e.xcellent health and symptom free. 

DISCUSSION 

In most of the literature reviewed tlie question of malignancy of 
papiUoma is raised in view of our knowledge that these same tumors 
occurring in the urinary bladder or gastrointestinal tract very often so 
manifest themselves. However, except for one Case of associated malig- 
nancy reported by Phillips,- which he believed to be concomitant rather 
t han resultant pathology, no such tendency is noted. 

An also singular conclusion reached by most writers is that Avhereas 
carcinoma of the gall bladder is usually associated with cholelithiasis, 
papillomas rarely show such tendency. However, Phillips’ mentioned 
stones found in his cases but by his reference to MacCarty’s description 
of “Cholecystitis Catarrhalis Paijillomatosis” his cases probably in- 
cluded many of this description.® Probably this latter pathologic con- 
dition would be found in most acute or acute exacerbations of chroni- 
cally affected gall bladders. However, this communication is concerned 
with papilloma occurring as a single tumor or multiple tumors which are 
not associated with other or only slight pathology. Kirklin= pointed out 
that most of the gall bladders in which he was able to demonstrate 
papillomas proved, upon subsequent examination after removal, to show 
only slight or no other concomitant pathology. 
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x\s for the patliologic picture itself, piobably the best description is 
that of Eingel,' who described the true papilloma of the gall bladder as 
a framework of vascular connective tissue covered by a single layer of 
tall columnar epithelium. The tumor may be sessile or pedunculated, 
measuring from 1 to 5 mm. in diameter. Occasionally clear cells con- 
taining refractile neutral fat or cholesterin are found in the connec- 
tive tissue core. 

■ Symptomatically these patients present a picture simulating any type 
of gall bladder disease from the simple occasional biliary colic to severe 
obstruction with jaundice. 

Brown and Cappell® descidbed a case of chronic obstructive chole- 
cystitis with multiple papillomas. Hemy® described a case of papilloma 
of the gall bladder in which a papillary implant was found in the cystic 
duct. Sjmiptoms of slowly progressive obstruction necessitated operation 
at which multiple villous papillomas of the fundus were also found. 

Another point for conjecture is whether we may not tend to overlook 
this pathologic entity owing to the failure of visualization of the growth 
in the roentgenographic picture. 

Even at operation it is possible to overlook this pathology as px’oved 
by the two cases cited, as the gall bladders in both cases were so normal 
in appearance, to palpation, and, in response to emptying on pressure, 
that it was with some reluctance that cholecystectomy was performed. 

CONCLUSIONS 

1. Papilloma of the gall bladder is a rather rare occurrence. 

2. PapiUoma of the gall bladder may simulate any type of biliaiy 
disease. 

3. The diagnosis of papilloma of the gall bladder preopei’atively can 
be made only upon roentgenographic study. 

4. At operation the gall bladder may appear absolutelj" normal but 
should be removed if symptoms of biliary disease were clinically present 
and if at operation no other intra-abdominal pathology can be found to 
account for the symptomatology. 
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THE UKOBILINOGEN TEST AS AN ADDITIONAL AID IN THE 
EARLY RECOGNITION OF FECAL FISTULA 


Tv.vx D. Bakonoi'sky, H.D., IMix.nkai’OIJs, I\Iixx. 

(From Ihf Driinrtminl of .S'lnyjfn/, I/7ifivr.si/i/ of Minnesota Jlosinitils-) 

A n external colonic fistuhi is :ni abnornial coininunicafioli l)c- 
tweeii Ihc colon and tlic surface of Ihe l)ody. Such fislulas arc 
called fecal fistulas because they coinmunieale with the colon and dis- 
charge intestinal contents and feces. Most of tlicse colonic fistulas arc 
postoperative, only a few occuridng s])ontaneously. 

The diagnosis is usually made by the inge.stion of aniline dye.s, such 
as Congo red, and the snbseciuent appearance of these dyes in the 
discharges. It is the purpose of this article to show how the Ehrlich 
test for urobilinogen may be used to establish further the diagnosis 
of a fecal fistula. 

The term “urobilin"’ was first used by Jaffe in 1868.' While spec- 
troscopically studying the oxidation pi'oducts of bilirubin, he noted an 
undescribed absorption band at about 490 to 500 millimicrons. Be- 
cause of its occurrence in urine and bile, he called the substance giv- 
ing this absorption band, urobilin. Van Lair and i\lasius,“ in 1871, 
described a .similar pigment in the feces which they called “steroco- 
bilin.'" In 1901, Ehrliclr described a color reaction in urine with 
concentrated hydrochloric acid and p-dimethylaminobenzaldehyde. 
Neubauer,"* in 1903, noted that fresh urine gave a positive Ehrlich 
reaction, but no urobilin absorption spectrum. On standing, as the 
Ehrlich reaction became weaker, the uroljilin, absorption spectrum be- 
came progressively stronger. He also showed that the reduction of 
nonerystalline urobilin with sodium amalgam yielded a chromogen with 
a strongly positive Ehrlich reaction. Bauer,’’' in 1905, reduced bilirubin 
obtained from cattle gallstones with sodium amalgam. The resulting 
chromogen gave a strongly positive Ehrlich I'eaction, thus demonstrat- 
ing further the relationship of bilirubin, urobilinogen, and urobilin. 
Le NobeU as early as 1881 had made studies of this chromogen and 
called it “urobilinogen."’ Friedrich Von Mueller' in a classical experi- 
ment demonstrated the enterogenous origin of urobilin and its entero- 
hepatic circulation. He fed hog bile to a patient with a complete biliary 
obstruction. On the second and thij'd days, respectively, urobilin ap- 
peared in the feces and then in the urine. The experiment was then 
repeated with urobilin-free bile and the same results obtained. j\lc 
jMaster and Elman® many years later confirmed these results. The 
hepatogenous theory of the origin of urobilin, of which the French 
workers were adherents, has practically been abandoned. Meyer-Bctz® 
points out the fact that although disproved, the hepatogenous tlieory 
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continued to hold the interest of these men for at least two decades. 
Gerhardt/® in 1897, described the occurrence of urobilinogen in pleural, 
pericardial, and peritoneal exudates. The bacterial reduction of bile 
pigments to form urobilinogen has been demonstrated by various ob- 
servers. Von Mueller" showed that on standing, bile bilirubin decreased 
and the bile urobilin increased. Maly,^^ and Kammerer and Miller'- 
showed that one may produce urobilin in viiro by inocidating sterile 
urobilin-free bile. MclMaster and Elman® have been able to accomplish 
the same in vivo, by putting particles of stool into the previously sterile 
biliary tracts of dogs. 

Fischer^® gave us the first concrete knowledge of the chemistry of 
this group of substances. He showed that bilirubin was converted by 
simple reduction to mesobilirubinogen, which on exposure to light and 
air gave urobilin characteristics. It remained for 'Watson^'''” to isolate 
ery.stalline stereobilin from both human feces and pathologic human 
urine. He then demonstrated that crystalline urobilin prepared from 
mesobilirubinogen differed from stereobilin in a number of respects.^®’ 
Siedel and Meier^° then synthesized this compound and called it uro- 
bilin IX a. Human bile samples that are reduced with amalgam result 
in urobilinogen which upon conversion yields urobilin IX a.^^ Watson, 
Sborov, and Schwartz,-^ in determining whether stereobilin is derived 
from mesobilirubinogen, have recently .shown that the output of ster- 
cobilin is greatly increased in the feces when mesol)ilirubinogen was 
given by mouth. It is reasonably certain that this conversion of meso- 
bilirubinogen to stereobilin is probably related to bacterial action. An 
interesting advance was made recently by Watson and Schwartz^® who 
show'ed that on addition of bile and mesobilirubinogen to acholic 
feces, one may cause stereobilin formation in some feces, and a dextro- 
rotatory urobilin in others. Normal stereobilin is levorotatory, and 
this knowledge added to the finding that d-urobilin may be obtained 
in infected bile samples to which mesobilirubinogen has been added 
indicates that some unknown factor may influence the direction of con- 
version.^'* Previously, AVatson"’’ had shown that the color intensities 
of mesobilirubinogen-aldehyde and stercol)ilinogen-aldehyde, as devel- 
oped by his modification of Terwen’s metliod, were identical. 

AA^ith this in mind it was thought that tlie Ehrlich reaction, whicli 
is given by mesobilirubinogen and stercobilinogen, might be used iii 
suspected cases of fecal fistula. To 2 or 3 c.c. of the discharge of the 
suspected fistula in a test tul^e, an equal amount of Ehrlich’s I’eagent 
(p-dimethylaminobenzaldehyde) was added. Two volumes (to one of 
the material being tested) of a saturated solution of sodium acetate 
were then added.=“ A pink to red color indicated the presence of an 
urobilinogen. 

This procedure was used on the following cases: 

Case 1. — E. X. (University Hospital No. 732750) had had a resection of a 
tumor of the colon which liad extended into the bladder. This necessitated resec- 
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tion of the colon niul pnrtiul ro.'-ection of the hliuldor inchulinj^ diviHion niid lign- 
tnre of the left ureter. Ponropo drains were inserted. Postoperatively her cour.se 
was rather stormy. Alnch diseliarge was oliserved from tlic drains. A question 
arose as to whether tlierc may he a urinary fistula, a fecal fistula, or botli. l^ive 
e.ubic centimeters of the discliarge were tested for urobilinogen, and !i positive 
reaction was obtained. The urine showed no urobilinogen. AVhile this did not 
eliminate the possibility of urinary fistula it was evident tliat fecal contents were 
present. Congo red was ingested and was observed the next day on the dressings, 
further establishing the presenee of fecal fistula. At post-mortem examination, 
eleven days after operation, communications were seen to exist between tlie external 
skin surface where the drains had l)een placed and the bladder and colon. 

■ Case 2. — II. S. (University Hospital No. 7:!27f)7) also had a colon resection for 
tumor. The discharge of drainage areas was again tested and a positive uro- 
bilinogen test was obtained. On imst-mortcm examination a fecal fistula was 
found. 


Case .3. — Mrs. II. S. (University Hospital No. 734017) had a re.scction of a 
segment of ileum for closed loop obstruction occasioned by a perforation of an 
ulcerative enteritis. Postoperatively the skin wound broke down and a . purulent 
discharge was obtained. The possibility of a fistula was entertained. However, 
the test for urobilinogen and bilirubin was negative on some of the e.xudate. Congo 
red was given and was not observed on the dressing. On post-mortem examination 
no fistula was found. , 


COMMEXT 

Although Ave have not. u.secl the Ehrlich test in cases of small bowel 
fistulas, it Avould seem that tlie Gmelin color play with yellow nitric 
acid might be used on discharges in addition to the Ehrlich test. ' Bili- 
rubin, mesobilirubin, and biliverdin will give a positive (Amelin reac- 
tion. The Ehrlich test will be positive if there is any urobilinogen 
present. No reference has been found in tlie literature to the use of 
these tests in cases of intestinal fistulas. 

In the case of a colonic fistula wherein the jaundice is due to a com- 
plete, unremitting obstruction such as carcinoma of the head of the 
pancreas, the Ehrlich test would probably not be of any use. Such a 
combination would be most unusual, however. 

The value of the testing of discliarges of fecal fistulas would bo in 
the following : 

1. Early recognition, that is, the examination of a material already 
escaping from the Avound as contrasted with the observation of escape 
of material from the Avound only after ingestion of charcoal or Congo 
red. 

2. In the presence of intestinal paresis, the delay in transit Avould 
not invalidate the test, as it may AAuth charcoal and Congo red. 

SUMMARY AND CONCLUSIONS 

The Ehrlich test for urobilinogen is suggested as an additional diag- 
nostic aid in the diagnosis of external colonic (fecal) fistulas. Three 
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cases are presentecl, in two of which the findings were corroborated 
by autopsy findings, and in the third a negative test was also' con- 
firmed by absence of fistula at autojisy. 
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ACUTE PIIYSIOLOOIC RESPONSES IN EXPERTS ENTAU HRAU 
INJURY WITH SPEClAlj REFERENCE TO THE 
:\rECJIANlSJl OF JIEATir SOON 
AFTER TRALUAIA 


E. S. Gubd.iiax, AI.D., Dkthoit, JIich., anm) AIa.iou Joiix E. AVkbstkr, 
AIkdical Cokbs, U. S. Army 

(From Ihc Department of Suri/crp. IVayne IJiiirerMly CnUe/jr of MeiUcinc, ami 
Departim nt of Finroxurtiery, Grace Hottpital) 

I N ’TAVO previous comiminications,'-‘> llie .sul).icc‘l. of experimental 
head injury was discussed and the salient points eoncerniup: vital 
functions were brought out. In this rei>or1 are considered in greater 
detail the changes of blood prc.ssHre, pulse, resiiiration, the conscious 
state, and reflexes in acute trauma. The meclianism of death soon after 
trauma will be anal.vzed. Tlic changes to be de.scril)ed arc seen immedi- 
ately following the trauma and should not be confused with the mani- 
fe.stations of vital functions in moi-e chronic forms. 


ItETHOD.S AND MATERIALS 

Alongrel dogs, weigliing between 7 and Ifl leg.. M'ore used for these 
experiments. Alorphine analgesia Avas u.sed in quantities of 20 mg. 
per kilogram of body weight. The drug was administered subcu- 
taneously. AA'^hen operative procedures ivei e necessar.v, intravenous 
nembutal anesthesia was used. The exposure of vessels vas done under 

of 1 per cent procaine infiltration anesthesia. 

The blood pressure Avas recorded from the femoral artery, respirations 
by means of a balloon about the thorax. The cranial trauma Avas admin- 
istered h.y means of a hammer, falling Aveight, .striking object propelled 
by a spring pendulum, and by shooting. Except in the case of the 
hammer, the A'^elocity and the force of the striking object Avere controlled. 
The head injury AAms delivered after exposure of the bone by reflection of 
the scalp and the underlying masseter muscles. 

A number of preparations Avere made prior to injury. In tAvo animals 
the spinal cord Avas sectioned at the first thoracic segment tAventy-four 
hours before the injury Avas delivered. In three animals the adrenal 
glands Avere removed before injury. In Aa'c animals the Amgus nerves 
AA'ere cut and the carotid arteries ligated and sectioned. In three animals 
yohimbine Avas administered intraA’-enously in order to remove the in- 
fluence of the sympathetic neiwous system by chemical means. After 
the administration of the drug, if intravenous adrenalin did not in- 
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ilueiice tlie blood pressure, the animal was thought to be well yohimbin- 
ized. In three animals, bilateral supraicntorial exposure of brain was 
made before injury by bullet. In nine dogs eoi-relations were made be- 
tween changes in medullary function and the eleetroencephalographie 
findings. The animals were prepared by first inserting electrodes in 
both parietal regions on either side of the midline. Before, during, 
and after trauma, an attempt was made to record the electrical activity 
of the brain. 


ACUTE PHYSIOLOGICAL RESPONSES 

Irrespective of the method of injury, the acute i-esponses are divisible 
into three types : (1) minimal, (2) moderate, and (3)profound. In the 
group with minimal response, there was, as a nile, on change in blood 
pressure, pulse, or respiration. The blood pressure rarely showed an 
increase at the time of the blow. In this group the lid reflexes were 
normal and the animal Avas in excellent condition; his chances of sur- 
vival were excellent. However, in one instance there was hypertension 
AAuth respiratory pause in a conscious animal and in another only 
hypertension occurred, with normal respirations and normal conscious 
state. 

Among the animals wjth moderate response, there Avas a short period 
of unconsciousness, evidenced by inability to respond to painful stimuli. 
Hjiiertension usually occurred immediately folloAving the bloAV. This 
lasted 60 to 120 seconds. There Avas an associated tachycardia AA^hich 
usually disappeared Avithin 40 to 80 seconds. In an occasional case vagal 
stimulation, as evidenced by decreased pulse rate and subsequent escape, 
occurred. The respirations AA'ere very rarely increased (Fig. 1), indeed, 
an apnea usually occurred which lasted from 10 to 40 seconds Avith later 
return to noinnal. The majority of these animals Avould survive the in- 
jury. The corneal reflex Avas lost usually for scA-eral seconds. In a fcAv 
instances, the animal became irresponsiv^e to pain Avithout loss of re- 
flexes. In one example, the blood pressure dropped immediately folloAV- 
ing trauma and eventually became restored to its original leA'el. Eespira- 
tions AAdiich had stopped for 70 seconds Avere resumed (Fig. 2). 

Among those animals Avith profound effect, the picture Avas typical 
in almost every instance. The animal Avas unconscious. There Avas a 
sudden sharp rise in blood pressure at the instant of trauma aA’^eraging 
betAveen 75 and 125 mm. of mercury (Fig. 3). SloAAdy the blood pres- 
sure di’opped, in many instances to zero at the end of 3 to 6 minutes. In 
Fig. 2, a secondary rise interrupting the steep blood pressure fall is 
attributable to medullary anemia. In a fcAv cases, after an initial drop, 
a ncAv increase in pressure appeared, associated Avith rencAved respira- 
tions. But eventually, even though there AA^ere spontaneous respira- 
tions, the blood pressure failed and death ensued. In one instance, a 
profound effect obtained without increase in the pressure. In another 
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Pip. 1 . — example of inc^c•a^c•'l re.'piration-s anti va.^omotor activity with lo.«t 
comeal renexe.=. Dof? 30 wa.s admlni.stered a .single hammer blow to the right parieto- 
occipital region of the head. Corneal reflexe.' were lost for 29 sccond.s. There was a 
steep rise of blood pres.^ure .and stimulation of re.spiration.® la.sting 7 second.*. The 
dog had no fracture of the skull. There were contu.sions of the base with moderate 
hemorrhage. It would have sur\-ived the lnjur>-. 
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Fig. 2, — ^An example of a drop in blood pressure in a moderately injured dog. 
Dog 158 was injured with the pendulum. There was a drop in blood pressure -with 
bradycardia. The blood pressure slowly rose to its original level with the animal 
carrying on satisfactorily. Kespirations became regular at the end of 70 seconds. 
A large area of depression with extrusion of the brain was obtained. There was 
severe laceration of the left parieto-occipital cerebrum and the superior surface of the 
cerebellum. Cross sections of the brain stem and spinal cord revealed many areas 
of punctate hemorrhage. In the spinal cord there was a large. 2 mm. hemorrhage 
about the central canal. Small punctate hemorrhages were also present. 
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ease, the blood in'cssurc dropped with compb'le failure. Tlie ])ulse j7i- 
ercased I’cniarkably ■\villi Ibo blow, and Ibis ineira.se Avas .sustained to 
the end. In a few instances there was vairal iniiibition followed shortly 
by e.scape. The resiiiratious invariably slo])ped and .in some eases there 
was sufficient recovery for siKuitaneous resiiiratory movements followed 
by failure. All animals in the ])rofound liroup either died within a 
fcAV minutes after the besrinniu" of the expciament or within an hour 
or two if not saeiaficed. Associated with chant’es in the vital functions 
there was almost ahvays a lost corneal reflex, fn .some animals the 
corneal reflex returned to di.sai>pear again in a short time. However, in 
one example, a profound effect was obtained and yet reflexes were active 
almo.st to the last. In the moderately and .sevei-cly injured animals 
generalized rigidity with extension of limbs and j’etincjion of the head 
and neck was seen fre(iuenlly, followed by linpniess within a shoii time. 
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FiR. 4. — An example of head injury in an adrenalectomized animal. In Dog 175 
both adrenal glands were removed under nembutal anesthesia. The corneal reflexes 
were present before injury. A right parieto-occipital hammer blow caused a profound 
pressor effect (100 mm. Hg) with loss of respirations for 40 seconds. They returned 
for 120 seconds, followed by final loss and death of the animal. There was marked 
tachycardia and a steep fall of blood pressure following the initial rise. 

Section of Both I (igi and Carotid Arteries . — A section of both vagi 
caused a marked increase in the pulse rate associated with a moderate 
increase in the blood pressure which became normal again within % to 
1 hour. In the group of animals in which tlie vagi and tlie carotid 
arteries were sectioned, injiiiy to the head caused responses similar to 
those seen in the intact animal except that there was no change in the 
pulse rate. 
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Adrenal Influence. — These animals were prepai’ed twenty-four hours 
previously by removal of both adrenal glands under nembutal anesthesia. 
The head injury was administered under morphine analgesia. The 
injury in this group caused the usual I’ise in tlie blood pressure asso- 
ciated with respiratory failure (Fig. 4). It was believed that the in- 
crease in blood pressure in tliis group of head injury exijeriments was 
not mediated by a humoral factor (adrenalin liberation). 

Sympailietic Influence. — Several animals were prepared twenty-four 
hours previously by section of the .spinal cord at the level of the lower 
cervical segment under nembutal anesthesia. The injuries were admin- 
istered under morphine analgesia (Pig. 5). These animals had a low 
blood pressure following the spinal cord section. Several blows to the 
head with eventual profound effect were never associated with hyper- 
tension. It seems reasonable to assume that if the spinal cord had been 
intact, there would have been the usual acute liypertension ordinarily 
associated ■with txauma.^ 


B.P. 



T 


'A 


L\iSP. 


5 SEC, 


# ^ v if ir , f i ~r IT IT r r 


t r ir ir r r r 


Fig-. 5. — An example of head injury after section of lower cer\'ical spinal cord. 
Dog 180 -was prepared by section of the spinal cord at the lower cer\*ical level under 
nembutal anesthesia. He was allowed to recover overnight, and on the following 
day hammer blow’s were administered on the right parieto-occipital skull under mor- 
phine analgesia- The accompanying figure shows the aftereffects of the fourth blow- 
A compound fracture with lacerations and contusions of the brain was produced with 
hemorrhage at the base. The reflexes and respirations ware lost immediately. Res- 
pirations returned in 90 seconds and disappeared again 70 seconds later. At one 
jioint there w’as a marked vagal effect. The animal died. 


The use of yohimbine as a sympathetic paralyzing agent, was instruc- 
tive (Fig. 6). When the animal Avas given a sufficient amount of 
yohimbine and Avhen its blood pressure could not be raised by injection 
of % c.c. of adrenalin solution, injury to the head Avas never associated 
AA'itli increase in blood pressure. These tAvo groups of experiments sug- 
gest that the sympathetic ncrA-ous .system mediates the aente peripheral 
hypertension in head injury. 

Head Injury After Bilateral Craniotomy and Exposed Brain. — In 
several animals the cranial caAuty was opened on both sides. The dura 
vras- incised and reflected to expo.se the brain. I'nder these conditions 
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three out of four jiuimnls were inorttilly wounded. In eoeh instanee 
there was marked laceration and dissolution of brain ti.ssne. Tjie respira- 
tions were lost in two instanees with no return. Jn one there Avas no 
loss of respiration.s, and in another they waxed and Avaned on scA’cral 
oecasions. 

The lack of a lu-essor effeet in these ex])eriments is anotlier argument 
proA’ing that the increase in the blood pre.«.surc is brought about by 
medullar}' stinudation and could not be eaused b}' stimulation of supra- 
tentorial cortical or subcortical centers. This Avas also ]iroA-cd beyond 
doubt by Polls'" and Denny-Brown and Kussell' in decerel)ratc prepai'a- 
tions. In such animals, the pres.sor efleel Avas obtained after adequate 
bloAA's to the head even though connections Avith higlier centers AA-ere 
disrupted. 
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Fig-. 6. — Yoliimbine experiment. Dog 181 "n-as given 2 c.c. of yohimbine, intra- 
venously (1 per cent solution) to abolish the sympathetic nervous system response. The 
blood pressure fell, but the heart rate remained about the same. Ten minutes later 
another cubic centimeter of yohimbine was given. Three minutes afterward % c.c. 
of 1 to 1,000 adrenalin soiution injected intravenously caused tachycardia, but no 
change in blood pressure. It was now assumed that the dog’s sympathetic nervous 
system was well neutralized. The dog -was hit a heavy blow over the occiput. There 
was no change of reflexes or respirations, or rise of blood pressure. The dog was 
struck a second time with profound effect. Beflexes and respirations were abolished. 
Tiiere was no rise in blood pressure and it fell to zero within a few minutes. 


Effects of Injury of Medulla and Upper Spinal Cord on Vasomotor 
and Respiratory Centers. — In four animals the medulla or spinal cord 
AAms injured by gunshot. In Iaa^o instances injury Avas at the obex, in one 
5 mm. beloAV the obex, and in another 5 cm. doAim the spinal cord. In the 
lAA'o dogs Avhere the neighborhood of the obex Avas destroyed by a .22 
caliber bullet, the pressor eifect did not appear (Pig. 7). In the animal 
Avith injury a little beloAA' the obex, there aa’os a marked pressor response 


.sui{gi;ky 

(Fig. b). Ill the roiu'tli imiinal ivilh injury lower clown tlie cervical 
spinal cord, there was no change in the systolii- blood pressure but the 
pulse pressure increased markedly (Fig. 9). 

These results differ from those obtained by Poli.s,^' who stated that 
injury to the casomotor centers or the cervical spinal cord uniformlv 
rauses hyi.ertension. The dis.solution of the vasomotor centers by in- 
jury should, theoretically at least, eau.se no pre.ssor re.sponse, whereas 
cl esion lowei down oi higher iij) may slinuilale t]ie center a.s in oilier 
forms of head injim'. 


order to mime ' ^soconstrictor center with no initial 

a.tlanto-ScciDital nT.-hV.’ accurately, Dog 108 was pre- 

timhPd" Tho Closed-cavitv ''"<lei morphine analgesia and 

then shot the head were not dis- 

ond V,*a ’Ifn o’" pressure. Theie wa’^'V..^ caliber bullet, with profound effect 

and lid reflexes. Autopsy revealed an respirations and loss of corneal 

u Ain injurj, m the neighboihood of the obex. 
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sovei’c eiiougli lo cau.so niodulhiry involvaintju! Avillunit at. tin; samo 
lime upscttiii”- the .electrical activity of tlie .surface of the l)rain. lii 
most experiments recording of tlm brain waves was rc.snmod within 3 to 
6 seconds after the blow and even tliongh tlie changes during this period 
are unknown, the evidence jmints to selective involvement of tlie nervous 
system. That is, in some animals or at certain limes in the .same animal, 
thei’c was greater involvement of medullary centers than of the cortex. 
In other animals, and at times in the same preiiaralion, the medullary 
centers were spared and there was marked involvement of the cortex 
(Figs. 10 and 11). 
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Pig. 8. — An example of injury of the spinal cord a few millimeters below the obex 
with a pressor effect. Dog 103 was injured by shooting at the neck with a .22 
bullet in an attempt to injure the medulla. A remarkable rise of blood pressure with 
tachycardia and progressive failure associated with lost respirations and reBexes 
were obtained. Autopsy revealed tliat the bullet had entered a flngerbreadth below 
the obex. There were bruises and contusions of the frontal lobes suggesting trans- 
mitted energj' throughout the closed skull cavity. 


In Pig. 10, the eleetroencephalographic findings following a single 
fatal blow are shown. It can be noted that 9 per cent frequency changed 
following the head injury to 24 per second frequency with a rather 
definite spiky character. Over a period of 6 minutes the record showed 
decreasing voltage but the frequency was sustained almost to the last; 
eventually only faint vertical sweeps were noted as the animal died. The 
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simultaneous recording of llie comeal reflexes i-evcaled a loss immediately 
after the trauma with retuin in 40 seconds. For the ensuing 90 seconds, 
corneal reflexes could he obtained. After that they were lost while evi- 
dences of cortical electrical activity were still present. 

A different type of record is noted in Fig. 11. After ))low number 
one, there is delta activity and during this period the eye reflexes were 
gone. In 2 minutes there was return of reflexes and a more normal 
electrical activity although some delta pattern is still present. Just 
after the second blow, the electrical activity of the brain did not change 
but its amplitude and voltage continued to decrease until a straight 
line record was being obtained. During part of tliis seeming inactivity 
of the cortex, the reflexes and respirations were still present to disap- 
pear again just before cessation of all activities. 
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Fig’. 9. — A spinal cord injury with px*ofound effect and no rise in hlood pressure. 
In Dog 110, a bullet wound of the spinal cord 5 cm. belo'w the medulla resulted in 
rapid failure with' no initial pressor effect. Apnea ensued and after 30 seconds the 
reflexes were lost. Examination revealed bruises and contusions of the frontal lobes. 
The closed-cavity hydrodynamics apparently were operative even at this low level 
(5 cm. below the medulla). The marked increase in the pulse pressure suggests vaso- 
constrictor paralysis with consequent loss of vascular-bed tone. 


CONCLUSIONS 

Experimental head trauma has been studied in great detail by 
Cannon,^ Denny-Brown and Russell,^ Duret,^ Fischer,® Koeliei’,^® 
MiUer,^® Polis,’" Seott.^® and others. For the purposes of tlie present 
discussion, the matex’ial presented by Polis in 1894 and that presented by 
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Dcnny-Biwii and Russell in 1941 arc Hie most ]ier(inenl. The work 
of Polis is ]iarlicularly eommcndahle. Fifty years ago he reeorded his 
findings in experimental head injury, inoluding gunshot wounds, and 
his results with a few exceptions arc aeecptahlc at the present time. 
Polis worked with normal and dceerehratc animals, lie coneluded that 
death from head injury results from va.somotor failure after an initial 
increased activity, and respiratoiw paralysis. Jle felt that in moderate 
injuries there was a constriction of intracranial blood vessels and that 
in severe injuries there was a va.sodilatation. Polis described medullary 
paralysis without lesions, suggesting that death from concussion is 
through medullary paralysis. Denny-Brown and Riusscll have reaffirmed 
most of the findings of Polis. They i-e-cmphasized the fact that in 
trauma to the head, medullary centers may become paralyzed with or 
without visible lesions in the bi-ain stem and medulla. According to 
these authors, in severe trauma there is a cerebral vasodilatation, V'ith 
blood pressure failure due to vagus stimulation which counteracts the 
pressor effect of the vasomotor ccntei' injujy, eventuating in the death 
of the animal. 

In the present study, changes in blood pressure, ])ulse, and respira- 
tions were carefully scrutinized in the light of associated changes in the 
conscious state and reflexes in dogs with morphine analgesia. Under 
this form of analgesia the ability to i-espond to painful stimulation bj’’ foi- 
ceps or dynamometer was considered a sign of adequate conscious state. 
Lack of response to pain was seen without loss of corneal reflexes or 
after the reflexes had I’eturned follondiig an initial loss. In some animals 
evidences of medullaiy involvement coexisted Avith normal response to 
pain. Unconsciousness was ahvays present Avhen the corneal reflexes 
were lost. It Avas felt that involvement of the medullary ocular reflex 
centers by trauma represented a more seA^ere evidence of injury than 
unconsciousness. The reflex of deglutition Avas preserved during un- 
consciousness but hopping reflexes AA^ere lost. 

The vasomotor center Avas stimulated by an adequate energy, and the 
increase in blood pressure immediately folloAAung trauma Avas the most 
common finding in moderately and profoundly injured dogs. The ex- 
ceptions to this rule Avere; First, Avhen the A^asomotor center AA^as de- 
stroyed, under such circumstances there Avas no increase in pressure and 
circulatory failure occurred Avithin a fcAV minutes. Second, in a certain 
number of supratentorial bloAA^s Avith extensiAU depression of bone ajid 
laceration of brain tissue, no change or drop in pressure oecvirred im- 
mediately folloAAung the trauma. The mechanism of a drop in pressure 
foUoAving the head trauma has been described as a vagal effect by Denny- 
BroAAm and Russell,^ and they state that such vagal effects are neA^er 
seen except in subconcussive bloAvs. In our experience, a drop in blood 
pressure may occur also in a seriously injured animal Avith cA^entual 
complete circulatory failure. 
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A vasoconstrictor mechanism rather than a Immoral discharge causes 
the hypertension since adrenalectomizcd animals sliowecl the usual 
pressor response following trauma, while the animals with section of the 
cervical spinal cord, and those which were adequately yohiml)inized, did 
not. This has also been .shown in Cushing- preparations by Freeman 
and Jeffers.’** They found that sympatlieetomized animals did not have 
a pre.ssor re.sponse on increase of the intracranial pressure by forcing 
saline solution into the eisteina magna. They further noted lliat if only 
the upper four thoracic sympathetic ganglia and both vagi Avere sec- 
tioned (denervated heart), no pressor re.sponse occurred. 

In A’ery seriouslj- injxired animals Avhere the ])re.ssor response is 
folloAved by circulatory failure, the reason for the initial vasomotor 
stimulation may seem difficult to understand. AYhy doesn't failure occur 
at once? There is failure at once if the injury causes dissolution of the 
vasomotor center, as is .shoAvn in .some of the accompanying experiments. 
But if the vasomotor center is alloAved to remain intact, Avith energies 
acting upon it from a distance, its first di.seliarge is, almost ahviiys, one 
of a peripheral vasoconstriction Avith consequent increase of tlic blood 
pressure. This is a protectiA'e mechanism for it licips to insure tlie blood 
supply to the brain stem and it occurs e\'en tliougli tlie vasomotor center 
may have been irreparaljly injured. Tlie conqJete destruction of the 
neighborhood of the obex is uniformly folloAved by circulatory failiu’c 
with no initial pressor resj)on.se. In other Avords, a dissolution of the 
center itself causes the death of the animal. Tliis is an impoifanl 
point. The Avork of Forbes and Wolff” has .shOAvn tluit stimulation of 
the central stump of tlie cut A-agus causes a fall in blood pre.ssure as 
AA'Cll as pial Am-scular dilatation. It is conceivable that a depressor 
mechanism may be tlie cause of a drop in pressure in some experiments, 
but a paralysis of the A'asomotor center itself is usually the. cause of the 
circulatory failure and death. 

While a peripheral Auisoconstriction is ])i’OAmd beyond doubt, AA’hat is 
the simultaneous status of ve.ssels in the cranial caA'ity? Are they con- 
stricted like the peripheral ve.ssels? Polls” fifty years ago thought that 
in moderately injured dogs there AA-as a constriction of intracranial 
blood vessels and in scA'crely injured dogs there aa'os a A'asodilatation. 
Some of his conclusions AA'ere based on tlie bleeding time from the cut 
jugular vein. Denny-BroAvn and Rus.sell" repeated these ex]ierimcnts. 
They noted the amount of bleeding from the jugular vein AA'as definitely 
increased immediately after a seA-ei-e trauma. They luiA'e concluded 
that this may represent a central A-asodilatation. The AA'ork of Fine- 
singer and Putnam,-' Fog,’ Forbes, Nason, and Wortman,” Gellhorn,” 
and others sIioav.s that the peripheral and the central blood A'e.ssels 
may simultaneously be in a dis.siniilar state of tone. AVith peripheral 
A-asoconstriction due to a drop in blood pressure there is intracranial 
A-a.sodilatation to insure adequate blood supply to the brain. Thus, the 
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presoiu'c of ecnlral v.isodihUiition Avilh perijilioni] vji.socoiistriclion in;iy 
])c llio oxpeeloil i)lionoiiit'm)n :ind iiood iiol nocossnrily Ik* const iniocl jus 
an evidence of Iraunnilic stiimdiilion of a depressor ineclianisin, since 
if may hai)pen Avilh any otlier factor cansint;' iierijilierid vasoconstric- 
tion. 

The evidence seems to indicate that an injurA' of sufficient scA'crity to 
cause a jiaralysis of the vasoconstrictor center causes death mainly 
tlirough this paralysis. The failure of the blood ju'cssure is in fact due to 
the failure of the center. The stimulation of vap:oglos.sopharyngcal 
centers need not be the cause of the fatal drop in blood pro.ssure. 

Respirations Avere afi’ected in a multitude of Avay.s. In the group Avith 
minor trauma usually there Avas no change in respirjitions. Occasioimlly 
stimulation associated Avith a slight increji.se in blood pressure aa’hs 
noted. There Avas apnea of varying perio^ls in the group A\'ith moderate 
injuries; the respirations usually reappeared Avithin 60 secoiuls. In the 
gi'onp Avith profound injuries there Avas respiratory ]iaralysis AA'itb no 
.spontaneous return in some animals or iiftcr the initial respiratory 
paralysis there Avas return for a short Avhile Avifh final faihu’c and death 
of the animal. 

Respiratory paralysis is a direct result of injury to the respiratory 
center. The respiratory center or the va.somotor center or both may 
be affected by trauma. At times the rea])pearance of an occasional 
respiratory movement has a tendency to revivify the animal Avith an 
increase in blood pressure. In the scA'crely injured animal the vasomotor 
mechanism fails in spite of artificial respirations. 

The pulse almost ahvays increased folloAving trauma. In animals Avith 
intact A'agi there Avas an ocea.sional Amgal .stimulation Avith bradycardia 
Avith escape from the inhibition. In one of the experiments in Avhich the 
animal Avas decompressed bilaterally and shot Avith a .22 rifle, the vagal 
influence remained throughoiAt, folloAving the injury. Evidence of vagal 
stimulation Avas noted in some seriously injured dogs. 

The electroencephalographic changes immediately folloAving trauma 
to the head did not correlate Avith the medullary inA'olvement. In some 
seriously injured dogs Avith paralysis of respirations, vasomotor mecha- 
nism, and lost corneal reflexes, the electrical activity of the brain from 
the parietal region continued until just before death of the animal. In 
others, the electrical activity of the brain failed in the presence of 
i-espirations and corneal reflexes. Obviously an injury in the neighbor- 
hood of the electrodes may be associated AAuth cortical electrical changes 
transmitted through it. But in these preparations, care Avas taken to 
deliver the bloAv at a reasonable distance from the electrodes. Under 
these circumstances evidences of medullary paralysis could be obtained 
AAithout a simultaneous inactivity of the brain Avaves. 

In the liuman being, death soon after cranial trauma is common. In 
a previous repoi-t in the Journal," 61 of 151 consecutive autopsies 
Averc on patients dead on admis.sion to the hospital or found dead 
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at the scene of the accident. In 19, there were punclate hemorrhages in 
the medulla and pons with little or no other associated intracranial 
lesions to explain the death. In this group it is very likely that death 
was due to medullary paralysis, and comparison of a typical pathologic 
picture in a fatal animal experiment with human autopsy reveals raanj" 
similarities in type and distribution of lesions. (Fig. 12). Although 
there are no adequate human studies of clinical behavior immediately 
following trauma, it seems reasonable to suspect that the mechanism of 
death soon after injury in the human being is essentially the same as in 
the experimental animal. 



Fiff. 12. — To the left, section of the brain of the dog: with punctate hemorrhages in 
thalamus and brain stem. The animal died as a result of medullary' paralysis, fol- 
lowing a parieto-occipital head injury. To the right, section of the brain of a human 
being found dead at the scene of the accident. Punctate hemorrhages of the pos- 
terior thalamus and brain stem are noted. Obser\e the similarity of the distribution 
of lesions. 
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SUMSIAHY 

1. T]ie ncuie physiologic msponsos 1o injoi'y m,iy l)e ininiinal, 
moderate, or profound. In moderale and profound iu.iuries usually 
there is a sudden increase in blood prcs.suro ivilh respirafory lo.ss, uncon- 
sciousness (no reaction to painful stimuli), lo.ss of palpebral and 
corneal reflexes, and freciuent generalized rigidity followed by ]im])ness. 
In moderate in,iuries the animal survived or died, in the group with 
profound in.iuries death was almost invariable. 

2. Under morphine analgesia the ability to re.spond to pain was con- 
sidered an adequate sign of consciousness. In some animals vasocon- 
strictor stimulation and respiratory jiausc coexisted with normal response 
to pain. 

3. Loss of corneal reflexes rcpre.senls a more profound response to 
in.iury than unconsciousness. Some animals Averc frequently observed 
to be unconscious with active ]>alpebral and corneal reflexes. 

4. The acute changes in blood pressure, respirations, and reflexes 
following trauma to the head are due to stimulation or jjaralysis of 
medullary center’s. 

5. The acute hypertension following trauma is caused by peripheral 
vasoconstriction as shown in experiments oji adrenalcctomized and 
yohimbinized animals and those in which the lower cervical spinal cord 
was sectioned. A drop in blood pressure following trauma was seen 
hr some experiments. Dissolvrtion of the vasomotor center by .22 rifle 
caused failure without an initial pressor response. 

6. Eespiratory paralysis is a common manifestation in severely injured 
dogs. However, in some with pressor response there was little or no 
change in respirations and in others with respiratory paralysis there 
was little or no change in vasomotor activit}". Increase in respiratory 
rhjdhm associated with other evidences of medullarj’- stimulation was 
possible but infrequent. 

7. Evidences of vagal paralysis were common in most of the modei’- 
ately and severely injured animals. Vagal stimulation with brady- 
cardia was seen in some moderately and severely injured dogs. 

8. The depressor centers mediated through the vagoglossopharAuigeal 
complex may have been stimulated to cause a drop in blood pressure 
in some experiments but it is felt that the vasomotor failure is mainly 
due to a failure of the vasomotor center in the medulla. 

9. Electroeneephalogi'aphic studies of the cortex with simultaneously 

observed evidences of medullary paralysis reveal that the cortical 
activity may be unhampered even though the medulla is badly damaged 
and vice versa. ' 

10. In the experimental animal, death from acute trauma was due 
to paralj’sis of the vasomotor center. 
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THE EFFECT OF POSITION ON SHOCK PRODUCED 
BY 3IEMOBBI-IAGE 


Alvkicd Ijarge, jM.D., St. Lon.?, i\Io. 

(From ihr Dtiwrlmrnl of Forurry, (Vnxhinfltou Uiiivrrxity School of Medicine) 

A CCUMULxVTED experimental evidence forms a concrete basis for 
our present conception of many of the changes occurring in shock, 
from whatever cause. Thus, most of the mcasvires used clinically in the 
prevention and treatment of shock have an accei)lcd phy.siologic basis. 
The so-called .shock position is )n-obably an cxeej)tion to this rule, for 
altliougli elevation of the foot of the bed seems to be universally regarded 
as the proper position for the ])aticnt in .shock (provided, of cour.se, that 
che.st or head injuries do not exist), there is, as far as I am aware, no 
experimental evidence to support such a maneuver. 

AtETHOD 

iMedium-sized mongrel dogs weighing 6 to 12 kg. were used as experi- 
mental animals. Tlie.v were allowed to have water l)ut no food for a 
period of eighteen hours prior to the experiment. Eacli animal was 
tied flat on its back on an animal boai’d ; the boards were tlien tilted so 
that one group of dogs had the head raised with the long axis of the 
body 30 degrees from the horizontal, while tlie other had the head 
lowered to a similar degree, and this position was maintained for the 
duration of the experiment.. Thirty-two dogs were used, sixteen in each 
of the designated positions. Two or four dogs were bled at a time, and 
an effort was made to use animals as much alike in weight and general 
characteristics as possible on each occasion. Alternate animals were 
placed in the head-up and head-down position, as described. 

The femoral artery was eannulated rvithout the use of general anes- 
thesia and a certain amount of blood was removed at hourly intervals. 
On each of the first three bleedings, an equivalent to 1 per cent of the 
body weight of the animal was removed ; following this, % of 1 per cent 
of the body weight was unthdrawn each hour, until the animal died. 
(This fractional method of bleeding was found to be more satisfactory 
for our purpose than an.v of several other methods tried.) Blood pres- 
sure and, in some instances, hematocrit detei'minations were made im- 
mediately after each bleeding, and the general condition of the animals 
was frequently observed. The total amount of hemorrhage before death 
was measured, and survival times were carefully noted. There was 
no replacement therapy. The temperature of the room in which the 
experiment was conducted Avas usuall.v constant at 25° C., but A-aried 
on occasion betAveen limits of 23 and 27° C. 
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RESULTS 

Fig. 1 shows the average amount of hemoi-rhage Ijefore death and the 
average survival times for each of the two groups of sixteen dogs used. 
On first examination, tlie figures miglit Ije interpreted to indicate a 
greater difference in the survival time of the two groups than in the 
amount of hemorrhage. This, however, is not the case, but is due to the 
smaller amount of blood withdrawn each hour in the latter part of tlie 



Fig. 1. — Mean amount of heiiiorrhage producing death, and survival times, for 
eacli of tlie two groups of dogs used in the experiment. Each figure represents the 
average amount of hemorrliage before death, or the average survival time for the six- 
teen animals in that particular gi-oup. witli S.D. the standard deviation of the mean 
as calculated from statistical formulas. Amount of hemorrhage Is expressed as per- 
centage of body weight ; survival time is given in hours. 


experiment, as shown in the illustration. Average systolic blood pres- 
sure determinations for the two groups during the course of the ex- 
periment are given in Fig. 2, while Pig. 3 shows the average hematocrit 
figures for sixteen of the animals, eight from each group. It must 
further be noted that in general the animals with the head up seemed 
to remain alert and active until near the end, with death supervening 
suddenly, whereas those with the head down were quieter, became 
gradually less alert, and frequently were comatose for some little time 
before death. 

- DISCUSSION 

The difference between the mean amount of hemorrhage resulting in 
death for the animals with the head up and for those with the head 
down amounts to 19 per cent of the larger value. That this is of real 
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statistical significance is indicated by tlie standard deviations, as given 
in Fig. 1. Thus, it seems quite clear that dogs jilaeed so tliat the liead 
is elevated 30 degrees will survive some 20 per cent le.ss fractional 
hemorrhage than will those ])laced with tlie head down 30 degrees. All 
environmental factors such as temperature are controlled by the per- 
formance of the experiment on the two gi-oujis under idoitical condi- 
tions. Therefore, it may be .stated with some certainty that, within the 
limits of the experiment ijerformed. lowering the head of tlie animal is 
l)eneticial in the treatment of .shock produced by repeated hemorrhage at 
hourly intervals. It is true that the supine position is unnatural for a 
quadruped such as the dog. so that great caution must be exercised in 
attempting any clinical implications. It is known, however, that the 
blood pre.ssure regidafing meehani.sm for posture in dogs is similar to 
that in man, Yuth adequate compensation occurring for postural changes 
of relatively short duration. Since the experiment herein reported was 
of an acute nature, lasting not longer than eight hours, it seems reason- 
able that the cardiovascular .sy.stcm of the dog may behave in a similar 
fa.shion to that of the human being under like circumstances. 

No new light is afforded to explain the beneficial eff’ect of the shock 
or head-down po.sition by this experiment, but ouj* re.sults are consistent 
uith the commonly held view that blood flow tlu’ough the vital centers 
is maintained more adequately by lowering the head. The smooth blood 
pressure decline and gradual collapse of the animals with the head 
douTi, compared to the irregular blood pre.ssure changes and more 
.sudden death of those with the head up, suggests less uniform action of 
the integrated compeusatoiy mechanisms involved, in the latter group. 

The hematocrit determinations arc pi-obably not of much .significance. 
The greater and more \uiiform decline of blood pre.ssui'e in the head- 
doYm group would tend, by lowering capillary pre.ssure, to i^romote the 
passage of fluid from the tissues into the va.scxdar .system, thus helping 
to produce the .steadier decline in the hematocrit value already noticed, 
compared to the higher blood pre.s.sure and le.ss hemodilution in the other 
group. 

COXCLU.SIOX 

In the dog, shock produced b.v repeated small hemorrhages is bene- 
ficially influenced b.v the head down. Trendelenbui'g, or .shock po.sition. 
These findings may have some clinical .significance; if the.v do, confirma- 
tion of the .standard procedure of raising the foot of the bed in the 
treatment of shock is presented. 



SPOOL COTTON AS Sl'TUKL MATEKIAL 

LlF.l’TKNANT COI-ONKI- .]OK K. 1''K0VI). AND 
Captain' iFAUK BnocKUAN'K. Mkwcai. Coups. U. S. Akmy 

S POOL ('Otton wjis the only suture innterinl used in 1,155!) general 
surgical procedures. Our results arc re](orted to lend emphasis to 
the observations of other workers and to stress eertain advantages not 
generally apiireciated which we believe accrue with the use of cotton. 
Our observation of tliese cases has ca list'd us to view with enthusiasm 
the use of cotton sutures in most general surgery. Tlie definite clinical 
advantages of wounds healing with minimal cellular reaction have been 
reported without stre.ssing the surgical advantages which ensue with 
the use of cotton. IVe believe that these advantages become apparent 
with consideration of this fairly extensive scries of eases. 

Ordinarily, nonabsorbable sutures have been considered by many 
surgeons to be the only ones possessing “foreign body danger.’’ Pear 
of this impels many to avoid the use of nonabsorbable sutures. Strain’ 
emphasized the important fact that, alisorbable or not, any suture is 
a foreign body. However, it is essential to realize that foreign bodies 
vaiy in the degree of local tissue reaction and that the alisorption of 
ab.sorbable suture induces much more tissue reaction than does the 
mere presence of nonabsorbable suture. \Ve believe that the decreased 
tissue reaction of cotton far outweighs the “foreign body danger.” 

Meade and Long- have shown cotton to possess the desirable qualities 
of pliability, adequate ten.silc strength, a high coefficient of friction, 
and stability on exposure to heat and moisture. IMeade and Oehsner’s“ 
investigation showed tliat cotton produced less cellular reaction than 
silk, linen, or catgut. Cotton is inexpensive, easily obtained, and 
readily transported. Special sterilization procedures arc unnecessary 
providing care is taken to avoid fracture of the fibrils. This is readily 
accomplished by winding the cotton loosely on collapsible material 
such as rubber tubing. 

The observations of these workers have been generally substantiated 
by others who have had considerable experience with cotton, and for 
this reason we had little hesitancy in adopting cotton for’ routine use 
as a suture material. Without exception, we have found that three 
sizes of spool cotton are adequate for general surgery. Size No. 60 is 
used for ligature of small ve.ssels and occasionally for suturing wounds 
where the cosmetic result is important. Size No. 40 is used routinely 
for the closure of peritoneum, suture of bowel, stomach, muscle, sub- 
cutaneous tissue, and skin. Size No. 20 is used fol- the suture of 
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heavy fascia and the ligature of larger vessels and ducts. Stay sutures 
have never been considered necessary with cotton. Ordinarily, the 
peritoneum and skin are closed with a continuous stitch and all other 
sutures are interrupted. Care is taken to tie square knots and sutures 
are cut short. Cotton is finer tlian catgut and is technically more 
difficult to use. We believe this increases the surgeon’s dexterity and 
meticulousness. 

In one case of a recurrent inguinal liernia which we reoperatcd upon 
after nine months, the cotton sutures used in tlie first operation were 
difficult to find. There was hut little fibrosis along the suture line in 
the external oblique fascia. The microscopic report showed mild 
fibrosis with minimal foreign body reaction about the suture. In all 
our experience we haA'e seen no case of sensitivity or any unusual 
tissue reaction to cotton. 

In this series of eases cotton was buried in every ease and was the 
only suture material used. Tlie postoperative wound complications 
were divided into two groups, a stitch abscess and a more severe infec- 
tion. Of the 1,659 eases, 281 Avounds were contaminated and 1,378 
were clean. Of those contaminated, 11.4 per cent developed stitch 
abscesses and 3.6 per cent developed severe infections. Of the clean 
Avounds, 2.1 per cent dcA-eloped stitch ab.scesses and .5 per cent developed 
severe infections. Reference can be made to Table I to see the dis- 
tribution of these complications. 

At this point, it should he emphasized that only about tAA’o-thirds 
of all contaminated Avounds at tlie hospital Avere closed primarily. 
Ordinarily, any Avound Avith contamination over six hours old, regard- 
less of hoAV clean it might look, Avas left open, and in all Avhich Avere 
closed primarily, a meticulous debridement Avas done. Sulfanilamide 
ciystals Avere used locallj^ in all contaminated Avounds and, in addition, 
manj^ patients received the drug orally. 

All members of the surgical staff haA^e been impressed by the fact 
that these AVounds, clean or contaminated, shoAved mueh less induration, 
edema, and tenderness than aa'c encountered in our Avork in civilian 
life, Avhere almost Avithout exception, catgut Avas the suture employed. 
The scars are soft and pliable and there is no distressing deep tissue 
indAiration AAdiich constantlj^ reminds the patient of his incision. Tliis 
fact is important from a militaiy A'ieAvpoint, because aa^c are convinced 
that the soldier pays less attention to his scar; and accordingly, the 
number of patients dcA’eloping liypoehondriacal ideas in reference to 
scars has been small. AVc haA^e had three patients aa4io have returned 
to the hospital complaining of pain in the incisional site to such an 
extent that they Avere lAiiable to perform their duties. All three patients 
had other complaints Avhich Avei’c not substantiated by the presenting 
pathology, and those patients Avere Ailtimately disposed of by the neuro- 
psychiatric service. 
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1 
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Foreign bodies 




Clean 

5 
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Inguinal 
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•1 

o 

Incisional 

14 



Of muscle 

37 



Epigastric 

1(5 
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Femoral 

12 



HA’drocele 

u5 



Intestinal obstruction 




Acute 

0 



Mastectomies 

16 

1 

1 

Perforated peptic ulcer 

4 



Tenorrhapliies 




Contaminated 

41 

t> 

o 

Thyroidectomies 

4 



Varicose veins 

214 

G 

1 

Varicocele 

24 



Wounds 




All contaminated 

170 

22 

2 

Total 

1,659 

Cl 

17 



(3.7% of total) 

(1% of total) 


As a routine part of the repair of inguinal hernias, the external and 
internal rings can be closed more snugly Ilian u'as possible udth catgut. 
This seems to be explaiiied by the fact that tlie swelling produced by 
cotton is less and thus Ihe rings can be more tightly closed without 
compressing the cord. Eoutine support of the testicle and cord is not 
necessaiy to prevent edema and discomfort. 

Of our total of 341 hernias of all kinds, we have had four recui’^ 
renees that we have been able to find. Two of these were femoral, 
which were operated upon through the subinguinal approach, and at 
the second operation an inguinal approach was made and neither re- 
curred. Two inguinal hernias recurred and one was reoperated upon 
witli a successful result; the other patient Avas separated from the 
service. To our knowledge, none of oui' laparotomy patients has de- 
veloped an iiicisionnl hernia, Wc opei-alcd upon fourteen incisional 
hernias and fifteen recnrrenl inguinal hernias Avith no recurrences. 
One recurrent hernia had been operated upon three times, the fascia 
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lata beino- iised twice. Tliere was no reenrrencc after tlie fourth re]niir, 
and tlie patient wa.s returned to full combat duty. 

One patient with a bilateral hernia developed an acute bronchitis 
on the third postoperative day. and a bilateral pneumonitis on the 
seventh postoperative day. He coughed severely for seven days, but 
by the twenty-first postoperative day had made an uneventful recovery 
and four months later there was no i-ecurrence of the hernia. 

One patient with bilateral inguinal hernia developed a septic tem- 
perature on the fourth postoperative day with a fluctuant mass in 
the left incision. The .skin sutures were removed and about 30 c.c. of 
thick creamy pus were evacuated and the wound was drained. The 
cotton sutures in the external oblique fascia remained in place and 
the wound healed without sinus formation and with no I'ccurrence of 
the hernia. "We have not observed in cotton tbe tendency toward sinus 
formation that exists in silk and chromic catgnt.’ 

One patient with a bilateral hernia developed a massive unilateral 
atelectasis with a severe cough. Bronchoscopy was used and 250 c.c. 
of mucus were removed by suction. A mild broncho])neumonia followed 
with complete recovery in three weeks. There wa.s no complication of 
the wound and no recurrence of the hernia ninety days postoperatively. 

It should be emphasized that all of the patients in this series were 
young men in excellent physical condition and were physically superior 
to the average civilian patient. 

CONCLUSION' 

1. spool cotton is an excellent suture material for all types of gen- 
eral surgery, including clean and contaminated wounds. 

2. It is technically more difficult to handle than catgut and is thus 
conducive to meticulous surgery. 

3. It possesses minimal “foreign body danger.’’ 

4. Induration, sei-um accumulation, and postoperative wound infec- 
tions are minimal with cotton. 
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COTTON SUKCICAL SUTURID .AIATERIAL 

Thkodork L. IIydk. ' MAX , Wtchita Fau.s, Tkx.vs 

M any surgeons are now using cotton tliread as tlieir routine suture 
material instead of surgical gut.’ Other types of nonabsorbable 
suture material are ])ecoming poj)nlar also, but evidence of the superi- 
ority of cotton has been rapidly acciumilating in the past few years.* 
We expect that a full a})prcciation of the virtues of cotton will result 
in its wide adoption, with absorbable and other suture materials being 
used only where their particular qualities are specifically indicated. 

We must avoid the mistake of learning again, now at our patients' 
expense, facts which were proved years ago. Nonabsorbable suture ma- 
terial was given a trial and rc.icctcd by the I'ank and file of surgeons 
fifty years ago when catgut first became available. The plebeian cotton 
thread wa.s not given a serious trial then; it is very possible that if it 
had been, the course of surgical history would have been different.^ The 
aristocrats of threads, .silk and linen, were tried instead, but too often 
wounds repaired Avith them Avould become infected and drain for months 
until the sutui’cs were extruded or removed. Tliis seemed natural be- 
eavAse after all the suture was a very foreign body. These draining 
sinuses were very embarrassing to the surgeon. Halsted, however’, dem- 
onstrated that with careful technique fine silk sutures could be used 
which did not necessarily extrude with infection.’ Few surgeons at- 
tained such perfection and oven an occasional draining sinus was suf- 
ficiently discouraging to any surgeon in pi'ivate practice. Catgut then 
was welcomed as a means of aA'oiding such embarrassment.® A super- 
ficial consideration accepted it as a more natural suture material. Of 
course, the surgical Avounds became infected even more often and then 
the catgut might be extruded. The AA’ounds Avere often painfully in- 
durated, and occasionally disrupted entirely. These complications usu- 
ally occurred promptly, hoAvcA^er, and Avere not so obAuously the fairlt 
of either the surgeon or the catgut. 

The fact is tliat surgical gut can only be described as a very irritating 
substance to place in a surgical AA’Ound, the neAv fine sizes and recent im- 
provements of manufacture notAvithstanding,® It is irritating because 
of the large bulk necessary to hold the AA'Ound together and because of 
its chemical and biological constitution. Iji some patients the inflam- 
matory reaction is so violent as to suggest an allergic reaction. Its only 
A'irtue is its transiency and the A'ory process of absorption of it is 
deleterious to Avound healing. Surgeons Avho haA’e kept accurate records 
have reported infections in from 4 to 11 per cent of clean Avounds Avhen 
surgical gut is used.’-” Such Avound infections are less than one-third 
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as frequent u’lien cotton suture material is used.^® Not only do fewer 
clean wounds become infected but many grossly contaminated wounds 
will gratifyingly and surprisingly heal cleanly.” Every operative 
wound is more or less contaminated, of course. Tlic germs fall into it 
from the air, or in droplets from the respiratory passages. There maj" 
be breaks in the aseptic technique or they may enter the Avound during 
transient bacteriemias, AAdiieh are more frequent tlian is usually appreci- 
ated. If the resistance of the wound has been impaired by trauma or by 
the presence of irritants such as surgical gut, infection commonly fol- 
loAA'S. 

Other suture materials liaA'e been proposed. Isografts of fascia lata 
or cutis are possibly the least irritating of all but haA^e obA'ious limita- 
tions. Various metal Avires are aa’cII tolerated by the tissues chemically 
but are aAvlrward to handle, radiopaque, more apt to cut through, and 
mechanicallA- irritating Ijy their stiffness. Silver Avire AA'^as tried and 
abandoned too, years ago. Linen thread is the most irritating of the 
ordinary threads. Nylon is a generic name for synthetic chain-forming 
lAolymeric amides of a proteinlike chemical structure. There are liter- 
ally hundreds of such substances possible. The tliread Ave have tested 
has been supplied for surgical use and also some Avas purchased in a 
variety store. It has been Avell tolerated by the tissues but is very 
elastic and the knots are not dependable. Dermatitis from nylon hose is 
common enough to arouse suspicion of its irritating qualities. 

Silk has Ijeen the most Avidely used and intensively studied of the 
various nonabsorbable suture materials.^-’ It is only mildly irritating 
chemically. Being essentially a straight fiber Avlien it is spun or avoa'Cii 
into thread, microscopic open dead spaces occur Avhich harbor infection 
and are the mechanism causing the persisting draining sinuses. The 
minute stiff straight ends stick out from the main strand. As com- 
mercially supplied to the surgeon it is usually heavily impregnated 
AA’itli a paraffin wax. Li spite of its disadAmntages it has l)een earnestly 
advocated hy very successful surgeons and Cutler has said that the 
occasional draining sinus is a small price to pay for the firmer healthier 
healing of the Avounds.^'* 

Cotton possesses all the virtues of silk Avithout its disadAmntages. It 
can be used in infected Avounds Avithout fear of its being extruded 
through chronically draining sinuses, provided it is properly ijlaced. Its 
naturally curly fibere tAvist to form a compact thread.^® Possibly be- 
cause it is a A’cgetalDle carbohydrate rather than an animal protein it is 
not as irritating chemically. Placing short lengths of suture materials 
in the anterior chamber of the rabbit’s eye has Ausibly demonstrated 
the minimal reaction of cotton.’® Waxing is not necessary' nor desirable. 
Size for size, diw, it is slightly AA'eaker than silk but AA'hen AA’et it gains 
strength AA'hereas silk loses strength. When in place in the tissues the 
cotton is as strong as silk. It retains its strength much Ijetter and does 
not sAvell. Kegardless of the theoretical explanations or reasons, the 
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observed iiiul demonstraled j'aels are lliat wounds repaired willi cotton 
suture heal with inaxinial sirongih, speed, and comfort, and witli 
minimal inllammation, infectious, disru]>tions, and other complica- 
tionsd^ 

Cotton thread has lieen used extensively in commerce for many years 
and the best possible thread should already exist. However, the ob- 
jective of tile sewing- trade lias been a strong thread to be sure, but 
also a sli])pery thread wliicli would slide easily through the cloth and the 
eye of a sewing needle. iMoreover, if greater strength were nece.ssary 
a slight increase in bulk was not so objectionable. The slipperiness has 
been obtained by singeing the loose ends oil' the thread in a gas flame 
and then adding wax or starch. An alizarin blue dye is commonly used 
to increase the whiteness and some .soap may be left in the thread after 
the bleaching process. Jlcrcerizing also ]5roduees a slippery thread 
with a high luster. lilereerizing is done by soaking the thread briefly 
in a strong caustic soda solution. This shrinks the thread and increases 
its strength although only in iiroportion to the swelling and increase in 
cross sectional area. The thread is kept under tension so it does not 
swell and shrink too much. The chemical nature of the thread is not 
changed but a different crystalline structure is induced and the thread 
is more absorptive. 

The surgeon’s problem is to find the strongest possible thread for size 
when tested knotted and wet and without the addition of instating 
substances like starch, wax, dyes, soaps, etc. WJien cotton thread 
breaks, only about one-fourth of the fibers break and the rest of the fibers 
pull out. The advantage of a long fiber and a tight twist can readily 
be appreciated. The longest fiber is found in sea-island cotton ( Gossypi- 
um harhadense) which is grown best under the climatic conditions 
found on the islands off the coast of the Carolinas and Georgia. This 
long staple cotton almost ceased to be available several years ago due 
to the ravages of the boll weevil. It is staging a comeback but only a 
very small amount is available. Its fillers range up to two and three- 
eighths inches long. The fibers of irrigated desert (Egyptian) cotton 
from Arizona, of which most thread is made, are about one and one- 
fourth inches in length. The ideal surgical suture cotton thread will 
some day be made out of long fiber Sea Island cotton meticulously carded 
to remove the short fibers, thorougly bleached and washed to remove all 
impurities and natural oils, especially spun Avith an as yet undeter- 
mined twist to produce a maximum strength Avhen knotted and wet, 
Avithout kinking, and Avithout the addition of anj^ dye, starch, Avax, or 
other filler. Such a suture of pure cotton fiber Avill approach the chem- 
ical innocuousness of tantalum AAure and still be soft and stronger than 
any thread noAV available. Since no such thread is noAv available, for 
most of our Avork Ave have purchased ordinary plain Avliite liouseAvife’s 
spool cotton scAving thread (Clark’s O.N.T.) at a A^ariety store. We 
have not been particularly dissatisfied Avith it except for the natural 
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desire for the best possible. This is a six-eord thread of good streiigtli 
and containing very litflc extraneous sub.stance. Teclinieally it is a 
quilting thread although of .soft finish. IVlost .so-e;dled quilting cottons 
are of a glnce fini.sh impregnated with stai-ch or wax. Although the full 
physiologic effect of mercerizing and the addition of dyes, starch, etc., 
has not been fully determined experimentally, and they are evidently 
not too irritating, tliey are at best unnece.ssary complicating factors. 
We have found slightly stronger threads but they were all contaminated 
with fillers and we have not felt that tlie .slight additional strength 
.iusified their use. 

We take advantage of the cheapness of cotton thread to facilitate its 
use. Its cost per operation is le.s.s than 2 per cent of that of silk or 
surgical gut. Clieapne.ss is the least of its virtues, however; the operat- 
ing table is no place for economy but rather tliat the best is none too 
good. We prepare it in skeins of thirty sti'ands. The thread is wound 
thirty times around a wooden board cut witli steps six, seven and one- 
half, and nine inches long. We use Size 60 in twelve-inch lengths as 
being the most convenient length for the one-handed tie. Size 40 is pre- 
pared in fifteen-inch lengths as a slighth' longer strand allows the clamps 
on the ends of each stitch to hang further away from the incision. 
Larger sizes are prepared in eighteen-inch lengths. The various lengths 
seiwe to distinguish the various sizes althougli one soon becomes familiar 
with them. At one end of the board the bundle of tliread is rubbed 
with paraffin and held momentarily against a hot sterilizer or autoclave. 
This melts the paraffin, which soaks into the thread. The bundle is 
then cut with a razor blade through the center of the paraffined area. 
This provides paraffin-stiffened ends to each strand which facilitates 
threading the needles. In use it works out that the paraffined ends are 
never left in the wound although it probably would not matter much 
if an occasional one v'as. The skein of thi’ead is tied with a single 
strand at the middle and near each end so that the threads can be pulled 
out from the ends without snarling. The skein is coiled looselj’’ on itself 
and tucked into a pocket of a prepared muslin envelope for sterilizing. 
These envelopes are made with four pockets for three sizes and a long 
strand of the skein. Additional supplies of various size threads are 
kept sterile in Jars in the operating room. The thread is autoclaved 
although it can be boiled and used wet.^® It is only sterilized once al- 
though it does not lose much strength on repeated autoclaving. It 
shrinks temporarilj' during stollization and must not be wound on rigid 
spools. 

Certain princiides of surgical technique must be practiced when non- 
absoi’bable suture material is used. Slistakes such as improperly placed 
sutures which are only temporary as when held with surgical gut are 
eventually adjusted by the healing proee.ss. When errors of technique 
are perpetuated by permanent suture material they may have to be recti- 
fied subsequently by surgical removal of the strand. Gentlene.ss in the 
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liandling of tissue and aeeuralc dissection arc iin])orlan( regardless of 
llic suture material used. One reward of eai'cfulncss is a reduced in- 
cidence of perforated gloves, one or more of whieli is perforated in at 
least 50 per cent of operations,’’' Ye.ssels .should he grasped with small 
pointed clamps. Ligatures .should be placed n]ion .lust the vessel, avoid- 
ing the strangulation of large tags of tissue in the ties. A transfixing 
suture is often the best tie. Suture lines should he sewed with the 
smallest elTectivo size of suture material and with the smallest effective 
bit of tissue in each stitch. Small needles with taiicr points arc desii'able, 
such as !Mayo No. 6, Ferguson No. 10 or 12, and Kelly Intestinal No. 4. 
Tissues arc to be op])osed without dead .spaces but also Avithout .squeezing 
else the .sutures Avill cut through. NoAA'herc should a i)ortion of the 
suture strand bridge across as a chord subtends an arc creating a dead 
space in Avhich serum can collect. Continuous suture is less desirable 
than internipted stitches if the latter are placed Avith uniform tension. 
This can be accomplished only by placing all the stitches in anj"- one x'oav 
before tying anj’- of them. The Avound is thcJi held together by the 
assistant by traction of the untied sti’ands so that beginning at one end 
of the incision each stitch can be tied in succession Avithout tension. 
Wounds must be dry on closure and when drains are necessary they 
should exit through a separate stab AVound and not through the suture 
line. 

AVe have used cotton thread mostly in No. 40 for sutures and No. 60 
for ligatures. No. SO has been used for tendon suture and No. 100 for 
nerve suture. If tissues are sutured Avith ]nore tension than No. 40 Avill 
hold, the stitch Avill probably cut through anyAvay. The exception to this 
is the upper abdomen Avhere the stress of postoperatiA'e Ammiting may 
require a stronger thread such as No. 20, or the Avound may be rein- 
forced Avith snugly tied stay sutures of No. 10. Beginners first adopting 
cotton should use larger sizes unless they have already had considerable 
experience Avith fine silk. Doubled strands should never be used. Ex- 
pei-imental Avounds contaminated Avith staphylococcus extruded the 
stitches only Avhen the cotton thread Avas used double. The figure-of- 
eight stitch is undesirable because of the doubling at the crossing of the 
strands; their pnlly action is unnecessary because Avounds are held closed 
during the tying. Mattress stitches are frequently used, hoAvever. The 
tendency is to demand a larger thread for easier tying AA’ithout regard 
for the requirements of the AA’ound. The fine sizes are usually as strong 
as the tissues. Thirty or more needles are used and already threaded 
before the operation is begun. Each strand is used for but a single 
stitch or tic. The one-handed knot is almost essential since it gives sub- 
stance to the delicate strands by keeping them under tension. Knots 
hold very Avell e.si)ecially Avhen AA^et, but are not infallible. AA’’e commonly 
use triple-throAV knots and are careful to tie them square. This is very 
([uickly done and almost automatic AA’ith the one-handed knot. AVitli the 
fine sizes the knots are minutely small anyAvay. The ends are eut on 
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the Iniot less than 1 mm. long. The residual ends sometimes stick to the 
gloves and are troublesome to get rid of. Tliey are more easily dis- 
carded if they are of some length. When tlie cotton thread is used diy 
and the knot pulled too tight the strand usually breaks in the dr;- part 
some little distance from the vet bloody knot. This leaves a short wet 
end near the knot of sufficient length to finish the knot witli the use of 
artery forceps. We commonly use a continuous stiteli for the skin as 
interrupted skin stitches seem unnecessarily meticulous. There is 
.iust enough "hang'^ to the cotton strand through the skin tliat the trac- 
tion of an assistant on the skin stitch is unnecessary. Cotton tliread 
pulls out veiy easily, and is quite painlessly removed from the skin and 
when used for deep stay sutures. It is superlative as a subcutaneous 
stitch for meticulous closures on the face because the strands easily pull 
out long distances if left in eight or ten days. 

It is not to be denied that surgical gut and other .suture materials are 
of value. Especially is this true of fascia lata in the repair of her- 
nias.-®’ Wire will occasionally be de.sirable for its tensile strength as 
in bone work. Silkworm gut is still acceptable for stay sutures which 
traverse the entire abdominal wall. To change from surgical gut to 
cotton usually adds about 30 per cent to the operating time although 
this differential can be reduced by teamwork and skill.®® Any pro- 
longation of the operating time may not be .justified in certain emergency 
operations, such as splenectomy for ruptured spleen, but hurry is the 
least valid excuse for poor sui’gieal technique.®® Anywher’e that a con- 
tmuous .suture is very desirable, such as the gall bladder bed after chole- 
cystectomy or the vaginal stump after hystci'ectcmy, surgical gut should 
probably be used for suturing although we have used continuous cotton 
thread successfully for the serosal stitch of enteroanastomosis and 
(experimentally) in abdominal closures. Instances where very large 
bites of tissue are necessary, such as perineoi-rhaphy, may require sur- 
gical gut.®* The intestmal mucosa tolerates poorly a continuous non- 
absorbable suture, and hemorrhoidectomies are preferably sutured with 
surgical gut. The urinary tract mucosa should not be sutured with 
permanent suture material. There is no inherent antagonism between 
surgical gut and cotton ; one merely sacrifices the advantages of cotton 
^vith the use of the gut. There is probably no instance where silk is 
preferable to cotton. 

The essential question is : can one use cotton or any nonabsorbable su- 
ture material in surgical wounds without rislring the embarrassment of 
drainmg sinuses and having to remove each stitch later ? The word em- 
l^arrassment is used advisedly because usuall.v the wounds heal firmly 
without hernia even with the sinuses.®® It has been just this embarrass- 
ment which has precluded tlie universal acceptance of silk. Evidence is 
accumulating that when cotton is properly used it can indeed be used 
without fear of such embarrassing sinus formation. This does not mean 
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thill in tlu; iiroj'usc driuiuise of ;i severely inl'eeled Avound lliero inJiy 
not appear an oeeasional slouftlied out eollon sulnro or li*>atnre, Init 
when the aeiitc infeetion .subsides no cotton suture in the de])ths of the 
wound will constitute a foreign body to preclude healing.-''' "We have 
used cotton in infected wounds such as pilonidal cysts and in conlani- 
inated wounds as after appondcctoiny which occasionally hceanie in- 
fected later, and have yet to remove an offending cotton stitch.-' On 
the other hand we have removed many silk stitches and catgut strands. 
"We have observed that healing infected wounds invariably granulate in, 
and cover without delay, buried cotton ligatures. We have been im- 
pressed with the rarity of infection in wounds repaired with cotton in 
patients whose appendix had ruptured or was gangrenous. This im- 
provement may have been in part due to the benefits of sulfanilamide. 
We have admired the minimal inflammatory reaction in wounds repaired 
with cotton. Possibly the most convincing evidence’ of all is that we 
have observed reluctant surgeons habituated to surgical gut become en- 
thusiastic over the superiority of cotton by okservation of the results 
obtained. 

Comfort is difficult to evaluate but one woman who had a low midline 
wound repaired with surgical gut, and seventeen days- later a long 
right rectus incision repaired with cotton, voluntarily testified to the 
markedly less discomfort from the latter wound. This patient also had 
a single cotton stitch work up to the surface of tlie wound in the seventh 
week. No discomfort was associated with the cA'ent; in fact, she did not 
think enough of it to call or show it to her surgeon. A skin incision in 
the thigh for fascia lata had three small serum pockets appear in the 
eighth and ninth Aveek AAffiich Avere punctured and drained for a fcAV 
days. These resembled the common sequelae to the use of surgical gut. 
No frag-ments of cotton thread could be identified in the drainage and 
the Avounds closed promptly. These tAVo episodes have been the only 
late complications (if they can be called such) Ave have observed in an 
experience of using cotton for more than a year.^® 

There is an old adage that “NcA'er is neA'cr true.” We cannot say 
that cotton suture material Avill never cause a persistent discharging- 
sinus until its strands are extruded, but Ave do belieA’^e the possibility 
of such an embarrassment to’ be so remote that Ave use cotton noAv AA'-hen 
Ave Avere miAvilling to use silk formerly. The implications of this fact 
are not readily appreciated but it is plain that potentially infected 
wounds particularly should be afforded the advantages of cotton suture. 
Surgical gut is least reliable and most unsatisfactoiy in the presence 
of infeetion. It does not survive to hold the Avound together and serves 
as a culture medium for the invading organisms. Silk has been used 
in the presence of infection only Avith misgivings that each stitch avouH 
later have to be retricA'ed. Cotton sutures can be used AAothout this fear 
but Avith assurance that they aauII hold the Avound together throughout 
the infeetion and not deter healing after the infection subsides. Any in- 
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the knot less than 1 mm. long. The residual ends sometimes stick to the 
gloves and are troublesome to get rid of. They are moi’e easily dis- 
carded if they are of some length. When the cotton thread is used dry 
and the knot pulled too tight the strand usually breaks in the di-y part 
some little distance from the wet bloody knot. Tliis leaves a shoi’t wet 
end near the knot of sufficient length to finish the knot with the use of 
artery forceps. AYe commonly use a continuous stitch for the .skin as 
interrupted skin stitches seem unnece.ssarily meticulous. There is 
.iust enough "hang'' to the cotton strand through the skin that the trac- 
tion of an assistant on the skin stitch is unnecessary. Cotton thread 
pulls out very easily, and is quite painlessly removed from the .skin and 
when used for deep .stay sutures. It is .superlative as a .subcutaneous 
stitch for meticulous closures on the face because the strands easily pull 
out long distances if left in eight or ten days. 

It is not to be denied that surgical gut and other suture materials are 
of value. Especially is this true of fascia lata in the repair of her- 
nias.-®’ Wire will occasionally be d&sirablc for its tensile strength as 
in bone work. Sillnvorm gut is stiU acceptable for stay sutures which 
traverse the entire abdominal wall. To change from surgical gut to 
cotton usually adds about 30 per cent to the operating time although 
this differential can be reduced by -teamwork and skill. Any pro- 
longation of the operating time may not be .iustified in certain emergency 
operations, such as splenectomy for ruptured spleen, but hurry is the 
least valid excuse for poor surgical technique.®® Anywhere that a con- 
tinuous suture is very desirable, such as the gall bladder bed after chole- 
cystectomy or the vaginal stump after hysterectomy, surgical giat should 
probably be used for suturing although we have used continuous cotton 
thread successfully for the serosal stitch of enteroanastomosis and 
(experimentally) in abdominal closures. Instances where very large 
bites of tissue are necessary, sucli as perineorrliaphy, may require sur- 
gical gut.®^ The intestinal mucosa tolerates poorly a continuous non- 
absorbable suture, and hemorrhoidectomies are preferably sutured with 
surgical gut. The urinary tract mucosa should not be sutured with 
permanent suture material. There is no inherent antagonism between 
surgical gut and cotton ; one merely sacrifices the advantages of cotton 
with the use of tlie gut. There is probably no instance where silk is 
preferable to cotton. 

The essential question is : can one use cotton or any nonabsorbable su- 
ture material in surgical wounds wfithout risking the embarrassment of 
draining .sinuses and having to remove each stitch later? The word em- 
barrassment is used advisedly because usually the wounds heal firml.'^’ 
without hernia even witli the sinuses.®® It has been .fust tliis embarrass- 
ment which has ])recluded tlie univcr.sal acceptance of silk. Evidence is 
accumulating tliat when cotton is properly used it can indeed be used 
without fear of such embai-rassing sinus formation. This does not mean 
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SURVIVAL OF RHESUS MONTvEY FOUR YEARS AFTER 
EXCISION OF HEAD OF PANCREAS WITH OCCLUSION 
OF EXTERNAL PANCREATIC SECRETION 

Alexander Brunscitwig, jM.D., Chicago, Ilt.. 

(From the Department of Suriicrii, The Dvivcruily of Chicago) 

S INCE it has now been repeatedly demonstrated that resection of the 
entire duodenum and head of tlie pancreas with, occlusion of ex- 
ternal pancreatic secretion is feasible in man with immediate survival 
in good condition, the question is raised of the possibility oC indefinite 
surmval under these conditions. 

Excision of the head of the pancreas with ligation of the neck was 
carried out in Rhesus monkeys and the ob-servations reported elsewhere.'*^ 
The body and tail of the pancreas distal to the ligature were converted 
into an elongated cystic structure not more than 1 cm. in diameter and 
of approximate length of the original organ, as a result of dilatation of 
the main pancreatic duct. There was complete atrophy of acinar tissue, 
and numerous rather large islets persisted in the cyst wall. 

One of the monkeys survived for four years. Its history follows. 

Male Maeaca rhesus of unknown age. In March, 1940, liiparotoiny was performed 
and the head of the pancreas excised. The neck, at the level of the superior 
mesenteric ve.ssols, was closed by a silk ligature, it was possible to excise the 
head without injury to the coiimion duet as it entered the duodenum. The main 
pancreatic duet was ligated and divided at the point of entrance ii.to the duodenal 
wall. The blood sujrply of the duodenum remained intact. Fourteen months later 
a second laparotomy was performed to inspect the upper abdomen. The liver 
appeared normal. The body and tail of the pancreas .had become an elongated 
cystic structure with transparent walls. The site of the head of the pancreas was 
cicatrized but there had not been sutBcient confracture to approximate the stump 
of the neck to the duodenal wall. There was no evidence of pancreatic regeneration 
from the duodenal wall at the site of the ligated distal stump of the duct of 
Wirsung (which apparently had atrophied). 

The animal’s condition remained satisfactory. He ate normally of the stock 
diet which consisted of bread, greens, bananas, lung stew, and sometimes milk. 
There was no diarrhea. On several occasions the fasting blood sugar was within 
normal limits. Early in March, 1944, he appeared to bo ill and depressed. March 
21, 1944, he was found dead in his cage. 

Necropsy revealed pulmonary congestion. The abdomen contained no free fluid. 
The liver was grossly normal. The gall bladde)' and bile passages were normal. 
The alimentary canal was normal; there were no ulcerations. The site of the head 
of the pancreas was occupied by strands of fibrous tissue (Fig. 1). The body and 
tail of the pancreas had the appearance of an elongated cyst with translucent 
walls 4.5 cm. in length and 1 cm. in greatest diameter. On its surfaces were small, 
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thill, iiu'y:ulur piitclK". of (lull jellowi*!!! ti'-Mio. Tlip li”!ilure at the iicclc of llip 
paiuToas ^\a^ iflontifiod at tlip Kite of oiifiiiial iiliifonicnl. lii-iicpiioii of the duodpiiai 
aall failed to rcieal tlip ^ite of the liRiited terminal jioitioii of the main pancreatic 
duet. Theic Ma^i no e\ideiiee of iej»ci\eialed pancreatic ti'-‘'UO in the site pre- 

vioii'-ly occupied hy the head of the ])niieica‘'. The neck of the ])ancrea« na« not ap- 
punimated to duodenal oi .iejunal walK. Tlieie na*- no Rio's'. evidence of ducts 
fiom the occluded neck of the pancieas to honel wall-. 'I’lie immedinte cau-c of 
death was not appaicnl. 



Fiff 1. — Necropsy specimen of JMacaca ihesvs monkey foui years after excision of 
head of pancreas and ligation of stump S, stomach , Sp , spleen , P, body and tail of 
pancieas converted into elongated c>st, D, duodenum (opened) with metal probe 
m common bile duct protruding from ampulla. A, H, fibious tissue m site previously 
occupied bv head of pancreas Jlf, supeiioi mesenteric vessels Theie is no evidence 
of pancreatic parenchvma, nor evidence of ducts between the occluded neck of pan- 
cieas and bowel walls (jejunum, duodenum). The stump of the main pancteatic 
duct ligated near the duodenal W'all foui jears previously has atrophied complete!}. 

Histologic studies levealed noiinal livei. Sections through the duodenal wall 
in the legion of the ampulla showed no evidence of pancreatic ducts oi acini. 
Multiple sections tliiough the cicatiized tissue at the site previously occupied by 
the head of the pancreas revealed no pancreatic acinar tissue nor ducts. Sections 
at the proximal tip of the cyst replacing pancieas showed no acinar tissue or pro 
hferating ducts. The wall of the cyst, which contained a clear gelatinous fluid, was 
composed of fibrous tissue and exhibited clumps of ducts appended to some of which 
was an occasional clump of cells resembling a panel eatic acinus m resting stage. 
The walls also contained scatteied islets of Langerhans. 

DISCUSSION 

In the monkey described, permanent atro})]i.’i of acinar tissue of the 
body of tlie pancreas followed excision of the head and ligation of the 
neck of this organ. Islets survived and apparently functioned to permit 
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normal carbohydrate metabolism. Contrary to observations reported 
for the dog, tliat regeneration of pancreatic tissue occurs from small 
fragments of such parenchyma that may remain on the duodenum or 
that may result from 2jroliferation of the stump of tlie main duct, no evi- 
dence was found in this monkey that regeneration of acinar tissue oc- 
curred from the ligated terminal stump of the duct of Wirsung or that 
siich regeneration occurred from the bodj’ of tlie panci'eas occluded for 
a irrolonged period (four years). Furtliermore, in this animal there 
Avas no evidence of duct proliferation from ligated stump of the body 
toward the adjacent duodenal or jejunal Avails. 

SurA'iA'al for four years of one monkey Avas thus possible in the absence 
of pancreatic acinar tissue and AA'ith the absence of external 2)ancreatic 
secretion. There Avas no evidence of significant pliysiologic disturbances 
during this period. 



IIIDIOSTATIC GLOIJULIN AND PLASJIA CLOT DKESSINGS 
IX THE LOCAL TKEATilEXT OP BURNS 

IjAiTUExrv: I\Iiscauj, New Youk, N. Y. 

AND Austin Joyner, Jl.D., PEAKii River. N. Y, 

C URRENT literature reveals a multiplicity of incthocls and theorie.s 
in the local treatment of burns. The listing of at least thirty- 
seven different jnethods attests to some obvious confusion and inade- 
quacy. The magnificent progre.ss in systemic treatment made possible 
by basic discoveries in pathologic physiology and pharmacology have 
not been paced by similar improvement in local treatment. Recent 
return to favor of some of the older methods, such as petrolatum gauze 
and saline dressings, gives the impression that there is still much to 
be desired. Certainly no single treatment has been found satisfac- 
tory or applicable to all areas of the body even for burns of like degree. 
Ideal local treatment should .sati.sfy these criteria: 

1. Trauma to the already damaged tissue must be minimal. This 
is particularly important for the remaining seeds of tissue since 
the damage can be repaired only by regeneration from this 
origin or by plastic replacement from others. 

2. It should prevent plasma loss and other factors leading to shock. 
It should be adaptable to the various requirements of function 
and .structure of different parts of the body to insure good 
functional end results. 

4. It should not predispo.se to nor trap infection. 

5. Bacteriostatic activity and reduction of pain are essential. 

It is believed that a plasma clot dressing has virtue because it may 
satisfy a maximal number of these principles. It is no more than an 
attempt to preserve the damaged tissue in a state conducive to rapid 
healthy recoveiy. It is no substitute for intelligent plastic surgery 
and certainly there is no desire to claim that results obtained are due 
to anj^ dynamic properties of the method. Essentially the method 
consists of using a plasma clot to foi-m a surgical dressing. The eschar 
covering the bunied area is practically a physiologic dressing and 
shovdd interfere minimally with the local physiologj^ already dis- 
turbed by heat. The method is outlined here in order that its value 
may be quickly assessed in the bands of others. 

Strips of sterile fine mesh gauze bandage (4 by 8 inches) are placed 
in a sterile basin. Preserved blood plasma from pools, banks, etc. is 
rapidly mixed with a solution having thrombic activity and then 
poured over the gauze in the basin. In a short time a plasma elot 
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gels oil the gauze. The burned area has jireviously been debrided and 
cleaned with dilute soaii and saline solution after opening all vesicles. 
The gel impregnated gauze is then accurately laj^ered over the burned 
area after sprinkling I'ery lightly with sulfadiazine powder. Extreme 
care must be used to sprinkle the powder lightlj' and not allow clump- 
ing. Over the plasma clot dressing is then placed a snug dressing of 
sterile gauze reinforced with elastic bandage to provide pressure. The 
absorption of serum by the heavj* gauze permits the dressing to dry in 
from six to twelve hours. 

Results at this early date in a few patients with severe burns of the 
face, hands, and bodj^ have been more than gratifying. Pain has 
been uniformly absent. The dressing became stiff and adherent over 
healthj^ areas and remained so until softened and removed by wetting 
with saline solution. This, with pressure, prevented surface and tissue 
plasma loss and may have favored rapid and healthj^ epithelizatiou. 
Infection has been absent or easily controlled since the plasmolytic 
action of bacteria allows easy detection by softening of the dressing. 
Such areas were readily lifted and treated. Although the clinical 
material with which to study this method has been limited, it is felt 
that the results to date justify a larger and more extensive trial. 

The dressing has been pi-epared by several different methods. A 
preliminary dressing of plain plasma-soaked gauze in which the plasma 
was precipitated by chemical agents such as tannic acid and silver 
nitrate has been used. This method was discarded because the dressing 
became extremely hard and difficult to remove. The anticoagulant ac- 
tivitj’’ of sodium citrate in the plasma might be corrected bj'’ addition 
of calcium chloride. Since there are numerous objections to the use 
of any such chemicals in burned areas, thrombic activity has been 
employed to clot the plasma. This thrombic activity is obtained from 
a commercially prepared “hemostatic globulin” derived from rabbit’s 
plasma and having the activity of thrombin. It has been found that 
10 c.c. of 10 ]Der cent solution of the hemostatic globulin will clot 100 
c.c. of plasma firmlj" in from three to ten minutes. Since plasma 
preparations vary considerably, the strength of the plasma clot is con- 
trolled by varjdng the amount of hemostatic globulin and the time of 
action. The standard liquid intravenous human plasma Avhieh has 
been used might be replaced since the ability to clot and sterility are 
the only necessary prerequisites. Plasma containing precipitate mak- 
ing it unsatisfactory for intravenous use before filtering or plasma 
containing pyrogens could be employed. Either bovine or equine 
plasma, though untried, shoirld be satisfactory if sterile. Both have 
been used intravenously in human beings. It is possible that a 
thicker and firmer clot could be obtained vdth a frozen or dried pro- 
duct by reconstituting it with a limited amount of water. The possi- 
bility of a mixture of powdered plasma and globulin impregnated on 
gauze is most attractive. The observation that the blister fluid in 
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several cases could be easily dolled ])roiupfed llie use of the lieino- 
static globulin alone in several cases. This was also varied by spread- 
ing a i^lasma-inoislened gauze drc.ssing over llic burned area and tlien 
spraying Ihe gauze with llie licmosfatic globulin. If these variations 
are as successful as the heavier pla.sma clot method, they will repi'e- 
sent a very practical saving of material. At Ihis time they appear to 
be more practical for burns of a light degree. 

SUMMARY 

A method of preparation of a plasma clot di'essing has been described 
and variations discussed. The method involves the clotting of plasma 
over gauze by means of hemo.static globulin. Plasma clot dressings 
prepared in this manner, and hemostatic globulin alone, have been used 
in the local treatment of burns. Encouraging early re.sults indicate 
the desirability of further trial of these procedures. 



TRANSLUMBAR A0RT0C4RAPHy— AN APPARATUS FOR 
INJECTING THE RADIOPAQUE MEDIA 

A. ICeller Doss, M.D., Fort Worth, Texas 

O NE of the fundamental requirements for the production of a satis- 
factory abdominal arteriogram is the adequate concenti’ation of 
radiopaque media within the arteries at the instant the roentgenographic 
exposure is madeJ’ ’ In order to accomplish this, 15 to 20 c.c. of the 
media must be injected into' the aorta within four )o six seconds. An 
apparatus capable of exerting three atmospheres (45 pounds) of pres- 
sure on the fluid to be injected has been found essential. 

-The apparatus^ (Figs. 1 and 2) herein described is of simple construc- 
tion, compact, easily sterilized, and accessible to anyone who can secure 
the services of a metal lathe operator. It is built about a one-quart blow- 
torch which serves to generate and supply the required pressure as 
well as support the cartridge in which the media is contained. 

A one-half inch, three-way, airtiglit slopcock is screwed into the 
opening from which the heat-generating mechanism of the torch has 
been removed. To the horizontal nipple of tlie cock is attached, by 
means of a small, one-half inch brass elbow, an air gauge capable of 
registering 50 pounds of pressure. A one-half inch elbow is connected 
to the remaining opening in the cock. The cartridge, which contains the 
radiopaque media, is joined to the male end of this clboAV by means of a 
tapered screw male and female coupling. The connection, which may 
be easily and rapidly adjusted with the bare fingers, insures an airtight 
union and at the same time is sufficiently strong to support the 
cartridge. The Luer lock, one way stopcock attached to the lower end 
of the cartridge, alloAvs union with a piece of stiff tubing which in turn 
joins by Luer lock the carti-idge to the needle inserted in the aorta. 

The chamber in which the radiopaque media is placed is constructed 
about a thick-walled “urea tube” converted into a cylinder by grinding 
away the bottom. The cylinder is then snugly fitted into a jacket made 
from a piece of one-inch brass pipe in which two windows are cut 
opposite each other in order to allow adeqiTate visualization of the media. 
Projection of each end of the cylinder, about one-sixteenth inch beyond 
the brass jacket, is arranged to allow proper cushioning of it against 
rubber gaskets contained in two brass caps which are sereAved on each 
end of the metal jacket. The upper cap serves to support the cartridge 
as Avell as connect it with the pressure chamber. The lower cap supports 
a one-way stopcock with Luer lock. After the cartridge is assembled the 
glass cylinder is calibrated at 5 c.c. intervals. 
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Fig. 1. — Photograph showing the pressure chamber and carti idge assembled. 
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The capacity of the chamber is such that it Avdll accommodate slightly 
more than 60 c.c. of fluid, an amount sufficient to provide a safe margin 
be 3 mnd the 15 to 20 c.c. of fluid to be injected, therefore reducing to a 
minimum the danger of introducing air into the aorta. Pilling of the 
sterile cartridge is accomplished bj' locking the tubing to the one-way 
cock and injecting the media to the required level in the cylinder in a 
retrograde fashion. Expulsion of all air fx’om the apparatus results at 
the same time. The one-waj’’ cock is then closed. With the tubing at- 
tached the cartridge is readilj’^ connected to the pressure chamber 
through use of the screw coupling. The 45 pounds of pressure generated 
in the torch bj’’ the built-in pump is then applied to the fluid by adjust- 
ing the three-waj’’ stopcock. The speed of the flow as well as the amount 
of fluid to be injected into the aorta is controlled bj’’ the one-waj'^ cock 
at the lower end of the 'Cartridge. 

The needle used to puncture the aorta is of special construction. It is 
made from 18 gauge stainless steel tubing and is 7 inches in length. 
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Editorial 


The Story of the Kenny Method 

TUST three and one-half years ago, in 1940. a distinef eliange in our 
J treatment of infantile paralysis Avas introduced, one that has since 
caught the public’s attention beeatise of its human drama. This was, 
of coui'se, the method of treating infantile paralysis victims Avliich was 
evolved bj’- Sister Kenny, the Australian nurse. 

Many have misunderstood the natui-e of the Kenin' treatment, and 
have thought it a cure for infantile paralysis. That is not true, and 
Sister Kennj' makes no such claim. There is no cure for this crippling 
disease. The medical profession is still in the dark as to how to pre- 
Amut it. It cannot control its spread. No one yet knoAA's by AAdiat method 
this virus is carried from one victim to another. In a clay Avhen Ave 
are masters of malaria, smallpox, and diphtheria, infantile para^'sis is 
still a riddle, a mysteiy, a crippling menace pi’OA\ding our country at 
Avill. 

What Sister KennA’- luis contributed, hoAvevei’, and it is a A^ery real 
contribution, is a method for treating victims already stricken by in- 
fantile paralysis; a method that in the opinion of many American doc- 
toi's reduces the crippling aftereffects of the disease. 

There is a real interest in the history of the Kenny method in this 
country, and The National Poundatio 2 i for Infantile Paralysis plaj'ed 
an all-important part in evaluating this technique and in making it aA'ail- 
able to every infantile paralysis victim. 

Sister Kenny Avent to the offices of the National Foundation one day 
in Ma 3 q 1940, because she kncAV that the job of the National Foundation 
Avas to examine and studj^ everA^ iicaa" bit of knoAAdedge that could pos- 
sibly hasten the conquest of infantile parah-sis. Present that day 
Avere Sister Kenny, the President of the National Foundation, and its 
Medical Director. Sister Kenn 3 >^ told hoAV she had first developed her 
method. Thirtj^ years before, as a young nurse in the Australian bush 
country, AAuthout medical assistance she had to care for a child stricken 
AAdth infantile paralysis. Instead of immobilizing her patient’s par- 
alyzed limbs in casts or splints, she Avorked out a method of easing the 
pain and tightness in the muscles b,v frequent applications of heat — 
strips of Avoolen material Avere AAwnng out of steaming hot Avater. As 
the pain subsided she folloAved this Avith passive exercise until the pa- 
tient himself could moA^e his limbs. She felt tliat in many eases, this 
treatment had prevented many of the crippling aftereffects of the dis- 
ease. 


425 


426 


SURGERY 


Sister Kenny was anxious that the National Foundation subject her 
method to scientific check, and so was the National Foundation. A few 
weeks later, when the Univei'sity of Minnesota asked the National 
Foundation to support a prograimto stud3’' the Kenny method, it read- 
ilj' made a grant to that institution to enable Sistei’ Kenny to demon- 
strate her method, _ and to give the doctors at Minneapolis a chance to 
see her work. For the next six or seven months, Si.stcr IveiniA’ treated 
infantile paralysis patients in Minneapolis. 

In Januaiy of 1941, the National Foundation received a prelim inaiy 
report from the doctors at the UniversitA'. TIica^ Avere strongly im- 
pressed bj" Avhat thcA’- had seen. To be sure, the number of cases stud- 
ied had been fcAv — too fcAV to .justif.A' definite conclusions, but the phj'- 
sicians supervising this stiidj' felt that the patients treated had made 
far better recoveries than Avas usual in their experience. Thej’' recom- 
mended further studj*. 

There Avas one fact, not Avidelj' knoAvn, that made these doctors cau- 
tious in their judgment. And that A\'as the fact that over 50 per cent of 
all infantile paralj^sis patients seeminglj’ recover by themselves, Avith- 
out anj' special form of treatment! “Hoav do Ave knoAv,” these doctors 
asked, “That manj'- of these patients Sister Ivennj" lias treated might 
not have been among those that AA'ould haAm recovered spontaneous!}'?” 
ObA'iouslj* no one could ansAver that question, but medical science and 
the National Foundation had to take that factor into account. 

The caution of these doctors making their first studA' of the Kennj’ 
method Avas justified on otlier grounds, too. They had seen manj’- hope- 
ful methods for treating infantile paralA'sis tried before — methods 
Avhich failed to stand up under scientific test. Before they gave the 
KenuA' method their full approAml, theA’^ had to be sure. 

That is AA'hy, in 1941, the National Foundation made a second grant 
to the Universitj' of ^linnesota to make further studies of the Kenn.y 
method. NearK 100 patients aa'ci’c treated the folloAving year. In 
December of 1941, the medical men of the UniAmrsit}- made a second 
report. After consideration of this report, the iMedical AdA'isorj' Com- 
mittee of the National Foundation declared: 

“It is the opinion of this committee that during the carK stages of 
infantile parah'sis the length of time during Avhich pain and tenderness 
are present is aireath' reduced, and contractures caused b}^ muscle short- 
ening during this period are prevented by the Kenny method. The gen- 
eral phj'sical condition of the patient rcceiA'ing this treatment seems to 
be bettor than that of patients ti’eated Iw some of the other methods 
diiring a comparable period.” 

It Avas on the basis of this report that Tlie National Foundation for 
Infantile ParalA'sis felt justified in opening the throttle and going full 
steam ahead to make this Kenn.A' method of treating infantile paral.vsis 
available evei-A-where in the land. A jjlan Avas immediate!}' set up to 
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iiislvuft ;\ik 1 tviiiu doetovs, imrsos, and physical therapy tcelmicians. 
Sister Kciiiiy lierself was to l)el]) in llie teacliing at t])c University of 
Jlinncsota. 

How well this lias worked was clearly demonstrated during: the epi- 
demics of 1943 when 12.404 cases wore reported. The doctors of the 
whole nation liad learned somctliing- of the work; many were intimately 
acquainted with it. Physical therapy technicians and nnrscs had been 
trained to do the work, h’rom the epidemic areas of the West, tlie 
Central States, and the East came a flood of requests from physicians for 
more technicians and more nurses to give tliis treatment. 

Here was proof of the endorsement of tlie metliod hy American medi- 
cine! Patients could he treated from coast to coast. Private phy- 
sicians, clinics, hospitals, and departments of health called for more 
skilled workers. The supply was limited hy the demands placed on 
this country by war; yet tlicre were enough to do a good job. 

Up to the present time, a total of 900 persons have received this train- 
ing at the University of Jliunesota alone, and have been graduated 
with the approval and certification of Sister Kenny. 

All of this has been tremendously costly — a cost Imrne entirely hy 
the National Pouudatioir. To date, $107,000 has been given by the 
National Foundation to the University of Minnesota alone, to further 
the evaluation and teaching of the Kenny method. Every sum this 
University has ever requested has been granted in full by the National 
Foundation. 

But the task of teaching the number of technicians needed to seiwe 
the whole country Avas too great for any one school. So the National 
Foundation opened other centers. Institutions in Califox’nia, Illinois, 
Indiana, Georgia, Penns 3 dvania, and New York took up the teaching of 
the Kennj^ method. In addition to the monej’^ given to the University 
of Minnesota, $140,000 has been granted to the other schools. These 
grants Avere made to schools connected Avith or operated bj'- medical 
teaching centers. Eight medical colleges and one hospital dermted 
soleljr to treating infantile paralysis and to training professional people 
took up the burden of making the special skills and knoAAdedge avail- 
able to all doctors, nurses, and phj-sical therapy technicians. There 
Avas no quarrel here betAveen American medicine and ncAv methods of 
alleviating suffering and crippling from infantile parafysis ! 

The National Foundation has spent additional money on scholar- 
ships, Avool for treatment, distribution of literature, exhibits, and 
demonstrations — a total of $301,000. 

In fact, 'and it is one AA'orth remembering, in the past three years 
the National Foundation and its Chapters have spent a total of oA’er 
one-half million dollars of your money for the study and teaching of 
the Kenny method. It is no exaggeration to state that in all the history 
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of medicine, few new theories have ever received sucli generous financial 
support from the people of any nation. 

In addition to all of the foregoing, two five-year grants have been 
made recently by the National Foundation: one for $175,000 to the 
University of Minnesota to study the physiologic problems concerning 
the mechanism of infantile paralysis and methods -of treatment; the 
other for $150,000 to the University of Pennsylvania to establish a 
center for research and instruction in physical medicine. Both of these 
grants permit further evaluation and teaching of tlie Kenny method. 

It is the dimes and dollars of the American people that haA’e made 
this possible — the dimes and dollars they have contributed each year to 
the March of Dimes. And those dimes have done good work. Last 
year, the third greatest epidemic in tlie recorded histor}' of the disease 
in the United States struck our country. Had it not been for the hun- 
dreds of doctors, nurses and technicians trained with the public’s money 
and readj’- to administer the Kenny method promptly, that epidemic 
might have resulted in a national disaster. 

It is obvious, of eouise, that this newer tjT)e of treatment is far more 
costly, in money and personnel, than the older systems of handling 
victims of poliomyelitis. Heretofore, patients were usually immobilized 
in splints and plaster casts and could be cared for by a small staff of 
doctors, nurses, and technicians. The physical therapy given usuallj' 
consisted of a few hours of treatment a Aveek, and that frequently Avas 
administered only late in the disease. 

"With the Kenny method, all that is different. Our medical men, in 
their oAvn language, describe the Kenny method this Avay : “It is the 
early use of physical therapy, designed to prevent unnecessary deform- 
ities and to bring about the maximum function of such nerves and 
muscles as may have been spared by the disease process.” 

That means that each patient must liaA^e far more individual atten- 
tion. Each must have hot packs applied every hour or tAvo for at least 
twelve hours of the daj' dui'ing the acute stages of the disease. At the 
same time, the passive exercise and re-education of the patient’s muscles 
must be started. Just consider the personnel required to provide such 
care under epidemic conditions. Consider, too, the soaring cost of such 
treatment. 

Progress is being made in the fight against infantile paralysis. The 
Kenny method definitely represents an important step forAA'ard in our 
treatment of this disease. But the fact that it is not a cure and it is not 
fully developed must be borne in mind. 

There are some patients aa4io cannot be helped at the present time by 
any known method of treatment, AA’hether it be the Kenny method or 
any other. These are the victims AA'hose nerve cells have been completely 
destroyed by the raAnges of the disease. To them, motion in some mus- 
cles has been denied foreA’er. It is for these cases, particularly, that the 
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research programs of tlie National Foundation, designed to find a waj' 
to prevent the disease, must go on. 

Unfortunately, no one lias yet been able to find a cure for infantile 
paralysis. Studies are constantly being pursued along this line by the 
National Foundation, but so far -without result. There is no known 
drug or serum or vaccine to combat the virus that causes the disease. 
But, in the meantime, both the amount and kind of palliative treat- 
ment have been improved. 

How 'such treatment methods can be best tauglit and made available 
to the people is a matter about which there is a difference of opinion. 
The establishment of a Kenny institute in IMinneapolis as the only 
place where the Kenny method would be taught has been suggested. 
But, of course, it is impossible to train all the Kenny technicians we 
require at any one place, in Minneapolis or elsewhere. And it would 
be equally impossible for any one person to supervise the various cen- 
ters of teaching now supported by The National Foundation for In- 
fantile Paralysis. 

The ultimate aim is to make whatever is sound in the Kennj^ method 
a part of the curriculum of every medical, nursing, and physical therapy 
school in the country — and that aim will be accomplished. No one in- 
stitution can have a monopoly on the teaching of the Kenny method. 
While it is Sister Kenny’s contribution to humanity, for humanity’s 
sake it must be available to all. 

This history of the Kennj’- method shows very clearly that the National 
Foundation stands ready to evaluate and test and make available every 
method of treatment that promises to loosen the grip that infantile 
paralysis has on our children. If, on the basis of tests made, a method 
is found effective, the full resources of The National Foundation for 
Infantile Paralysis will be thrown behind it. The one-half million dol- 
lars of your money spent on the Kenny method to date certainly proves 

r 

that. 

The National Foundation for Infantile Paralysis is your Foundation — 
a Foundation dedicated to one purpose and one purpose only — final and 
complete conquest of infantile paralysis. 

Until that conquest is made, the National Foundation will carry on 
the most ambitious research program ever marshaled against any dis- 
ease. It will also continue to provide hospitalization and medical care, 
including the Kenny treatment, in every community to every infantile 
paralysis victim who needs it. And it will continue to evaluate and aid 
every new jnethod that is brouglit to its attention. 

It is the people of America who have made all that possible! 

— The National Foundation for Infantile Paralysis, Inc. 
New York, N. Y. 



Recent Advances in Surgery 

Conducted by At.pred Blai,ock, M.D. 


TEEillNAL HEilOERIiAGIC SlIOCK 
Circulatory Dynamics, Recognition, and Treatment 
K. Ct. Kohlstaedt, M.D., and Irvine H. Page, M.D., Indianapolis, Ind. 

(From the JJUy Lahoratory for Clinical Hesearch, IndianayoUs City Eospilal) 

C ONTEMPORARY evidence proves beyond doidil that treatment of 
early hemorrhagic shock, even when severe, by plasma or vdiole 
blood, is most satisfactory. From the practical Aiewpoint of restoring 
circulation it is iirobable tliat only minor modifications will be made 
in the near future to improve it. On the other hand, terminal hemor- 
rhagic shock has received much less study and its management can 
sureh’ be improved. As McMieliael inits it, “It seems that under battle 
conditions this irreversilile state may constitute the major problem of 
shock owing to the unavoidable delays in getting the patient back to 
base hosptials. The problem is therefore both urgent and practical."’ 

Those of us who have managed only relatively small numbers of 
major accidents in chnlian practice have seen examples of patients in 
extremis from loss of blood, to whom either plasma could not be admin- 
istered at all for lack of time or, more commonly,, tlie patient died after 
the first bit of plasma ran in. It Avas to study this question that our 
investigation Avas undertaken. 

To overcome .certain of the difficulties of administering plasma or 
blood by vein AAdien the patient Avas dying, Ave investigated, in 1942, the 
possibility of administering it by artery instead of by vein (Kohlstaedt 
and Page). This method proved to have adAvintages. The artery 
(femoral preferable) can and should be exposed AAdthout delay, avoiding 
the often futile search for collapsed veins. Plasma is administered under 
a fixed pressure, hence the initial rate of infusion is rapid Aidiile the 
amount finfused is automatically controlled by the circulatory s.A'stem 
itself. For example, Avhen the pressure is set at riO mm. Hg, plasma 
fioAvs in until the pressure in the circulatory system reaches this 
level. Fnder this circumstance the arterial pressure is restored more 
rapidly than AA’hen plasma is given by A-ein so that precious minutes are 
saved Avhich may spell the difference between success or failure. An 
additional adAantage was found in that about one-half as much plasma 
was required to restore the circulation as when plasma Avas given by 
vein. 
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Wo woi'o not convineod nl Unit lime llml oriloi-ia Imd hoen lound 
surely indicating lack of survival \vli(*n all oi' tiie blood that had been 
removed was returned. A few animals survived contrai-y to predictions 
based on our criteria. Tn short, the si'cat individual variations among 
the animals proved a more and more im])ortant handica]) as the .severity 
of shock was increased. 

From clinical observations we have never been convinced, despite the 
statement, now almost an aphorism, that shock is wholly peripheral 
circulatory failure, and its corollary, that the heart is normal in shock. 
For this reason we sought methods of demonstrating in late shock failure 
of the heart to perform its functions adequately. 

Wiggers and Werle (1942) have recently shown in an important study 
that after prolonged hemorrhagic hypotension the capacity of the ven- 
tricles to respond to a given venous pressure (stretch) is reduced and 
that this liypodynamic state is masked Avhen venous pressure declines 
concurrently. Prolonged reduction in coronary flow is suggested as the 
cause. Their results strongly suggest that reduced capacity of the 
myocardium to respond to given venous pressures is one of the factors 
which precipitates an irreversible circulatory state. 

In burn shock, study of the cireulatoiy dynamics showed that during 
the terminal phase the heart as well as the blood vessels became refrac- 
tory to stimulating drugs (Page). They seemed exhausted. It was not 
unreasonable to suppose that the same might occur after prolonged 
hemorrhage, hence we turned to use of the cardiometer as the best 
method at hand for demonstrating cardiac injury. It has not only 
.supplied us with a criterion for terminal shock but, as a result of study 
of the sequence of events after hemorrhage, pointed to the needs in treat- 
ment of the condition. The study on animals is reported in this com- 
miuiication and the clinical experience rvill be reported in another. 

METHODS 

Dogs weighing 12 to 20 kg. rvere not fed for tweirty-four hours and 
then anesthetized by the intraperitoneal injection of 30 mg. per kilo- 
gram of sodium pentobarbital. The carotid artery rvas dissected out and 
a glass cannula inserted, which was connected by a Y tube to two nrer- 
cury manometers. One manometer recorded arterial pressure on a slow- 
moving kymograph which ran continuoush^ during the experiment and 
the other recorded on a rapidly moving one which was operated at short 
intervals for the purpose of recording the movements in the cardiometer. 
A metal eanniila was inserted into the trachea for artificial respiration 
during the period the thoracic cavitj' was open. A glass cardiometer 
was placed about the heart through an opening in the chest Avail Avhich 
had been made by careful resection of the left fifth rib. A glass tube 
Avas extended from the pleural eaA'ity through the chest Avail and then 
each layer of tissue Avas sutured around this tube and tlie stem of tlie 
cardiometer. The cardiometer and tube from the pleural cavity Avere 
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comiectecl to a differential manometer (Bojnl and Patras, 1941)* and 
negative pressure was established Avitliin the thoracic caA’ity, cardi- 
ometer, and chambers of the differential manometer. (The details of 
the application and construction of the complete apparatus for use 
of a cardiometer Avith a closed chest Avill be described in a separate 
communication.) 

When negative pressure had been restored, ai-tificial respiration Avas 
discontinued and the animal breathed spontaneou.sly. Resi)irations Avere 
recorded on the drum of a kymograpli by moans of a tambour con- 
nected to the tube leading from the pleural cavity. A Avater manometer 
Avas also connected to this tube to measure the intrathoracie pressure. 
This pressure Avas maintained at the same level present before the chest 
AAms opened. Changes in intrathoracie A’enous pressure Avere recorded 
l)y inserting a No. 12 rubber catheter doAvn tlic right external jugular 
vein until its tip Avas in, or very near, the right atrium. The catheter 
Avas filled Avith heparin solution and connected to a Avater manometer. 
A long shellacked cork served as a float for the manometer and thus it 
Avas possible to record changes in A’enous pressure on the dnim. 

The femoral A’ein and artery Avere dissected out and glass cannulae 
inserted. The cannula in the femoral artery Avas connected to the ap- 
paratus for AA’ithdraAving blood and the vein aa’os connected to the 
reservoir of this apparatus so that blood could be returned. This 
apparatus and the method of producing sustained posthemorrhagic hypo- 
tension has been described l)y us (Kohlstaedt and Page, 1943). Ten 
per cent sodium citrate Avas used as antieoagidant and great care Avas 
exercised in prcA’enting an excess of it in the blood in the reservoir. 


EFFECT OF PROLOXGED POSTHEMORRHAGIC HYPOTEXSIOX 
OX CIKCUL.ATORY DA’X^UIICS 


The change in stroke-A’olume, cardiac output, heart size, and Amnous 
and arterial pressure Avhich result fi-om intermittent bleeding are 
schematized in Fig. l.t The uppermost tracing represents the record 
from the cardiometer, the upper margin of Avhich records diastolic volume 
and the loAver margin systolic A’olume. The distance betAveen is equiA'a- 
lent to stroke A’olume. The next loAver tracing represents intrathoracie 
A’enous pressure (millimeters of Avater) and beloAV this is recorded 
arterial pressure (millimeter of mercury). The A’ertical dotted lines 
represent the pomts at AA’hieh blood Avas AvithdraAA’n or injected, the 


•W'e wish to thank Dr. T. E. Bovd for his gracious aid in the construction of the 
cardiometer. 

tThe actual values for cardiac output during the course of the experiment which 
has been schematized in Fig. i are: at A, prehem orrhagic control, average stroke 
\olume 16 c.c., heart rate 100 per minute, and cardiac output 1.8 liters per minute. 
At B, the point of maALimum reduction in heart size, the average stroke volume was 
0.6 c-c., the rate 150 per minute, and cardiac output 0.8 liter per minute. At C, after 
consiaerable cardiac dilatation had occurred and arterial pressure had fallen progres- 
lively, average stroke volume was 4 c.c., heart rate 160 per minute, and cardiac out- 
put U .6 liter per minute. At D, after a second injection of 35 c.c. of blood had been 
given intra-arterially, average stroke volume was 3.6 c.c.. heart rate SO per minute, 
liter per minute. Finally at E, the point of extreme cardiac 
P^^ssure rapidly declining despite a third injection of 35 c.c. 
of blood intra-artenally, the average stroke volume was 3 c.c., heart rate 100 per 
minute, and cardiac output 0.3 liter per minute. 
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imiouiit lu cubic ceutimoleis being given al tlie lop oC tlic cbait. Tlic 
total amount of blood removed is indicated liy the shaded area at the 
bottom. 

Let us illustrate tlie course of events by describing a typical experi- 
ment, Following the first three hemorrhages, stroke volume, cardiac 
size (diastolic volume), venous piessurc, and aitcrial pressure all de- 
clined sharply to be followed within twenty minutes by a rise in venous 
and arterial pressuie. Stroke volume and cardiac size, however, re- 
mained I’cduced. As the amount of eacli hcmoniiage became smaller, 
changes in arterial and venous jircssui’c were less pronounced. Heart 





Fig 1 — Schematic diagram of the effect of hemorrhage and prolonged hypotension 
on circulatory djnamics A, Cardiometer record of stroke volume in prehemorrhagic 
period B, Point of greatest reduction of diastolic and systolic volume C, D, and 
B, 35 c c of blood injected intra-arteriallj VP, Intiathoracic venous pressure in 
millimeters of water AP, Arterial pressure in millimeters of mercury 

Shaded area denotes total amount of blood removed (scale at right side) Scale 
at upper right indicates stroke volume units of cardiac dilatation 


size continued to decline until at point B it was minimal Fixed hypo- 
tension was established at 46 mm. Hg. During the twenty minutes of 
hypotension preceding point B, venous pressure rose steadily and 
continued to rise in spite of further withdrawal of blood. Five minutes 
after the maximum decrease in cardiac size had occurred, both systolic 
and diastolic volume began to increase and this was not affected by 
further withdrawal of two 20 c.c and one 40 c c. portions of blood. The 
rise in systolic volume was more rapid than rise in diastolic so that 
stroke volume grew smaller as dilatation progi-essed. These cardio- 
dynamic changes were accompanied by marked reduction in heart rate 
in all experiments. One hundred minutes after the initial bleeding. 
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following the removal of another 40 c.e. portion of hloocl, ai-terial pres- 
sure fell precipitously and at C, 35 c.e. of blood were returned intra- 
arterially. A very brief rise in arterial pressure occurred but the rate 
of cardiac dilatation and increase in venous pressure were not reduced. 
A second injection of blood at D produced even less rise in aiferial 
pressure and was followed by a very marked rise in both systolic and 
diastolic volume. Cardiac size and venous pimsure were maintained 
for about ten minutes but the arterial pressure declined steadily, and 
at E a third injection of 35 c.c. of blood was given. This was followed 
l)y a sharp increase in heart size, concomitant ilse in venous pressure, 
and precipitous decline in arterial pressure. Death ensued at this point. 

Similar changes in circulatory dynamics were observed in twenty- 
seven experiments and the results are shown in Tables I to III. The 
stroke volume, heart rate, cardiac output, and arterial pressure were 
recorded at five points in each experiment. The.se were ; I, during the 
prehemorrhagic period; II, dui-ing hypotension, the point at which 
maximum reduction in cardiac size occurred; III, at the completion of 
the hj-potensive period, that is just before treatment began; IV, im- 
mediately after treatment ended; V, after circulation had become 
stabilized, that is from fifteen to sixty minutes after treatment had been 
completed. Changes in venous pressure and diastolic volume were 
measured at points II to V. 

The changes which are typical of prolonged posthemorrhagic hypo- 
tension are .summarized in Table IV. 

These changes, as observed in the kymograph record of a typical ex- 
periment, are illustrated in Pig. 2. This figure is composed of sections 
of the record taken at each of the crucial points in an experiment. 
Section I is from the prehemoiThagic period; section II was taken 100 
minutes later when hypotension had been established and there was a 
maximum reduction in cardiac size. This is indicated bj' the decline 
in systolic volume (lower margin of the cardiometer record) from line 
X to T. The stroke volume had decreased 'fi'om 13 to 5 c.c., heart rate 
from 150 to 130, and cardiac output from 2 to 0.6 liters per fiiinute. 
Venous pressure had declined 5 cm. of water and arterial pressure re- 
mained at 40 mm. Hg. The increase in rate and depth of respiration is 
shovm by the uppermost tracing on this record. Hypotension was con- 
tinued for another twenty-two minutes and the changes which occurred 
in circulatoxw dynamics are shown by Section III (Fig- 2) at T. The in- 
crease in cardiac size is indicated by the return of systolic volume to 
line X from line 1’. Stroke volume declined from 5 to 4.3 c.e., heart rate 
from 120 to SO per minute, cardiac output from- 0.6 to 0.3 liter per 
minute. Venous pressure rose 1 cm. of water and arterial pressure 
declined to 24 mm. Hg. There was a marked decrease in depth and -rate 
of respiration. At T, 20 mg. of tuamine were injected. The changes 
produced will be discussed in another section of this eonununication. 
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The lime required Ijel'ore enrdiae dilalatioii occurred varied widely 
aud was not correlated with the amount oC hlood removed. J'^or example, 
in Exp. 66, Table I, cardiac dilatation did not oceui- after ISf) minutes 
of hypotension which had been produced i)y the removal of oSO c.c. of 
hlood (equivalent to -f.6 ]ior cent body weiirht) hul in Exp. 8!), Table I, 
2.6 stroke volume units of dilatation were present after forty-seven 
minutes of hypotension, and in Ex]). 63, Table I, 105 minutes had 
elapsed before tlie same desjrce of dilatation occurred. Another example 
of the complete lack of coi'relation between these factors is found in 
Exp. 77, Table II, in which a quantity of blood equal to 4.6 per cent of 
body weight was removed; 125 minutes of hypotension resulted in 1.6 
units of dilatation, while in Exp. 99, Table IT, the removal of blood 
equal to 2.2 per cent of body weight, and fifty-seven minutes of hypo- 
tension produced 3.2 units of dilatation. 


SEC.-_ I E 
ESP.- 



TIME • wmurcs. 0 


Fis. 2. — Treatment of posthemorrhagic shock after onset of cardiac dilatation by 
preceding the infusion of hlood with the injection of tuamine. Resp., Record of rate 
and depth of respiration ; CO, record ,of cardiometer ; VP, intrathoracic venous pres- 
sure in centimeters of water; AP, arterial pressure in millimeters of mercury; X, level 
systolic volume in prehemorrhagic period, and Y, level during maximum constriction 
of heart. 

Section 1. prehemorrhagic period; Section II, 100 min. later, during hypotensive 
period when greatest reduction in systolic volume was observed ; Section III, 22 min. 
later in hypotensive period when cardiac dilatation was present ; T, 20 mg. tuamine ; 
Section IV. immediately after infusion; Section V, 30 min. after. Speed of kymo- 
graph, l.S cm. = 6 .sec. 


In eleven experiments the cireuliition time was measured at intervals 
during the hypotensive ]ieriod by the intravenous injection of 0.3 e.c. of 
a 0.5 per cent solution of NaCN. The re.sults (Table V) indicate that 
during the state of bleeding the circulation time is prolonged but as 
Iiypotension is established it is temporarily improved, that is it is 





Table 

Tkeatment of Terminal Posthemorrhagic 


EXP. 

NO. 

dog’s 

wEiciir 

Ckg.) 

C.C. OF 

BT OOD 
HEMOVID 

BLOOD 
LOSS = 
% BODY 
WEIGHT 

DUB ATI ON OF 
HYPOTEN- 
SION 

(in min.) 

C.C, OF 
BLOOD 
INFUSED 

HATE 

OF IN- 
FUSION 
(C.C./ 
MIN.) 


STBOKE VOL 

(c.c.) 

HEABT HATE PER MIN. 

I* 

II 

nr 

IV 

V 

I 

II 

III 

IV 

V 

66 

11 5 

530 

46 

185 

530 

26 

9 

5 

4 

14 

22 

160 

no 

120 

60 

70 

62 

12 

465 

3 8 

137 

235 

34 

28 

18 

15 

22 


120 

90 

100 

80 


63 

11 2 

345 

2 6 

105 

100 

35 

10 

5 

4 7 

+ 2 


120 

130 

120 

71 


69 

13 8 

600 

4 1 

112 

135 

27 

14 

3 6 

5 6 

4 1 


150 

123 

160 

70 


89 

14 

300 

2 1 

47 

180 

36 

9 

4 5 

5 



160 

150 

80 



90 

14 

520 

3 7 

74 

160 

26 

1! 5 

7 6 

7 0 

S 


150 

130 

90 

50 


70 

14 

620 

4 5 

134 

none 

none 

16 

5 6 

3 3 



no 

150 

80 




Period in experiment at which ob'^ervation was made. ^ u / 

During prehemorrhagic period; II, point at which maximum reduction in cardiac size occurred during h 3 *poten?ion; IIIi point just before 
eatment began after onset of cardiac dilatation; IV, immediately after treatment; V, fifteen to sixtj' minutes after treatment. 


Table 


Treatment of Terminal Posthemorrhagic Hypotension by the 
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Table IV 


! 

CHANGE IX: 

F.ao.M rp.EUEMORnnAGic st.ate 

(l) TO THE POINT nURI.VG 
HyPOTEXSION AT AVHICII | 

MAXIMUM P.EDUCTIOX IN 
e.\.RDIAC SIZE APPE.VP.ED (ll) 

FROM POINT 11 TO EXI> OF 
HYPOTENSIVE PEEIOP 
(AFTER CARDIAC DILATA- 
TION, III) 

Stroke A-ohime 

Decreased, a\'erage 51 per 
cent 

20 decreased 

G increased 

Mean, 9 per cent 

Heart rate 

In It) decreased 

In 10 increased 

25 decreased 

1 slight increase 

Cardiac output 

Decreased, ai'erage 54 per 
cent 

Dcinoa.sed. average 31 per 
cent 

Venous pic'^sure 

Decreased, average 4.4 cm. 
H,0 

Increased, average +2.7 
cm. H.O 

Diastolic volume | 

(Cardiometer record) 

Decreased, average 17 mm. 

Increased, average -^1G 
! min. 


shortened. However, as cardiac dilatation appears and venous pressure 
rises, the circulation time again grows longer. 

Treatment by intravenous infusion of all of the blood removed was 
uniformly sucee.ssful and easily accomplished provided the infusion was 
begun before the onset of cardiac dilatation (point B, Fig. 1 or Section 
11, Fig. 2). If the infusion was delayed until onset of cardiac dilatation 
(Section III, Fig. 2) it was seldom successful and the animal succiunbed 
before it could be completed. It was. therefore, obvious that before 
undertaking a comparative study of different agents for the treatment 
of the terminal stage of hemorrhagic shock, it was imperative that a 
sal i.sf aetory criterion for estimating the effect of hypotension on the 
cardiovascular .system be established. 

SELECTION OF .A. CRITERION FOR E.STIJIATING SEVERITY OF SHOCK 

Critena such as withdrawal of a specified quantity of blood, reduction 
of arterial pressure to a fixed level, and maintenance of the pressure at 
this level for a certain length of time have proved in our experience to 
be inadecpiate because some animals can tolerate blood loss and hypo- 
tension much better than others. 

In our previous study in which the intra-arterial infusion was com- 
pared with the intravenous method (Kohlstaedt and Page, 1943) the 
lack of pressor response to 0.3 c.c. of 1 :10,000 adrenalin was used as a 
criterion but in these experiments some of the dogs could be saved by 
the intravenous infusion of all of the blood that had been withdrawn. 
The most that could be said Avas that refractoriness to the pre.ssor 
effects of adrenalin greatly .ieopardized the chances of survival after 
transfusion. Therefore this criterion could not be used for our present 
study because Ave wished to continue hypotension in all experiments until 
the animal could no longer be saA-ed by the intravenous infusion of 
blood. 

Another criterion of irreversible shock AA'hich has been used by some 
investigators in recent studies is the absence of a pressor response to 


Table V 

Effect of Posthemorrhagic Hypotension on Circulation Time 
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the injection of 2.5 e.e. per kilogram of whole blood. However, we were 
able to save some dogs after the requirements of this criterion had been 
fulfilled. Furthermore, in some experiments the hypotensive pe’riod was 
continued for fifteen or twentj^ minutes after a test dose of blood failed 
to give a pressor response and at the end of this time the injection of 
blood was repeated. The second injection produced a rise in arterial 
pressure although the initial injection had failed. 

We had observed that stroke volume in most instances of veiy severe 
shock was reduced about 70 per cent; hence, an attempt was made to 
use this as a criterion, but it too was unsatisfactoiw, because in five 
experiments in which it had been reduced an average of 64 per cent, 
normal circulation was restored In'^ intravenous administration of citrated 
whole blood. 

Another observation was that the intravenous method of readminister- 
ing blood never failed if treatment was begun before the phase of cardiac 
dilatation occurred. If hypotension was continued until slight cardiac 
dilatation had occurred, then the administration of blood Avas an inade- 
quate form of treatment. 

From this observation it was evident that the degree of cardiac dilata- 
tion might serve as a criterion for the stage of shock not successfully 
treated by infusion of blood alone. If the criterion Avas to be useful, 
some method Avas necessary for expressing the amount of dilatation 
present at the time treatment Avas instituted. For this purpose Ave 
employed as a unit the height of the cardiometer tracing, that is the 
stroke volume, at that period in the experiment Avhen cardiac dilatation 
could first be detected (B, Fig. 1). The distance is measured from the 
loAver margin of the cardiometer tracing to a base line established by 
extending a line fi’om the IcA’el of systolic volume at the time cardiac 
dilatation begins. When the loAver margin has risen to a point Avhich 
is equal to the height of the stroke A'olume, one imit of dilatation has 
occurred. This is illustrated in Fig. 1. The scale along the right margin 
of the cardiometer tracing refers to units of cardiac dilatation. At C 
tAvo units of cardiac dilatation are represented, at D, seven units, and 
at B, ten units. 

The folloAving illustrates the use of stroke volume units. In Exp. 76, 
Table I, no attemiAt Avas made to treat the dog, and it died Avhen cardiac 
dilatation reached 10 stroke Amlume units. In Exp. 82, Table II, the 
dog receAed 20 mg. of tuamine prior to the infusion of 410 c.e. of blood, 
Avhen cardiac dilatation Avas also 10 units, but normal circulation Avas 
restored. 

CARDIODYNAMIC EFFECT OF DRUGS BEFORE AND AFTER HEMORRHAGE 

The eAudence presented suggests that a drug to he useful in the 
terminal phase of hemorrhagic shock must haA'e at least the folloAving 
pi'operties: (1) it must increase cardiac output; (2) it must decrease 
cardiac dilatation; (3) it must cause a minimal increase in peripheral 
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resistance; and (4) its action nnist he oE snch duration that il an intra- 
venous infusion is begun simultaneously, a quantity of blood sufficient 
to restore the circulation can be given during the period llic drug is 
acting. 

Decrease in diastolic volume is essential because cardiac dilatation 
has already begun in the terminal phase and the intravenous infusion 
of blood will of itself tend to increa.se further the heart size; therefore, 
the drug selected should be one which would counteract this effect. It 
must not increase peripheral resistance proportionately more than 
cardiac output. In the terminal jihase there is already increased 
peripheral resistance and the moi'c this is increased the more difficult 
it Avill be for the heart to maintain adequate circulation. By comparing 
the change in cardiac output with the lise in arterial pressure, the 
change in peripheral resistance which a drug produces can be estimated. 
Thus, a drug which causes a large i‘ise in arterial pressure with a minimal 
change in cardiac output acts primarilj- on the peripheral vessels, 
whereas one that causes a smaller rise in arterial pressure and much 
larger changes in cardiac output must have a primary cardiac action. 

With these thoughts in mind a search was made for a quick acting 
drug which would have a primary cardiac action. 

Methyl iso-thiourea . — Methyl iso-thiourea was studied because it had 
been used by McGeorge, Sherif, and Smirk (1942) in the treatment of 
traumatic shock in animals. It was injected intravenously into ten nor- 
mal and five hypotensive dogs (Table VI). The amount given varied 
from 10 mg. per kilogram to 1.4 mg. per kilogram. In normal dogs the 
effect on stroke volume was equivocal ; it reduced it in five and increased 
it in the other five. The change varied from a 66 per cent increase to 
36 per cent decrease. The heart rate was decreased in all of the normal 
dogs, the minimum being 7 per cent and the maximum 50 per cent. 
These changes in stroke volume and rate could not be correlated with 
the amount of drug given. For example, the same increase in stroke 
volume and reduction in heart rate was produced by 1.4 mg. per kilo- 
gram used in Exp. 55 (Table VI) as had been obtained when 9 mg. per 
kilogram had been given in Exp. 41 (Table VI). 

The cardiac output per minute was decreased in nine of the ten ex- 
periments because in all but two (Exp. 36 and 58, Table VI) in which 
stroke volume increased, the increase Avas not large enougli to com- 
pensate for the reduction in heart rate. The reduction in cardiac out- 
put also bore no relation to the amount of drug used. 

The rise in arterial pressure A'aried markedly and could not be cor- 
related with the amount of drug administered (Table VI). A handicap 
limiting its usefulness is the fact that after two or three injections the 
animal’s pressor response is progressively converted to a depressor one. 

Methyl iso-thiourea caused an increase in diastolic volume in nine of 
ten normal dogs. Expressed in stroke volume units, the greatest dila- 
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tntion was 2 aiul the smallest was 0.3. Again it is interesting lo note 
that, the smallest dose used (Exp. 55, Table VI) produced as much, or 
more, cardiac dilatation than occurred in other cx])eriments in which 
much larger amounts o£ the drug were given. The effect on venous 
pressure was not significant. 

In the hypotensive dogs, a more uniform dose was given. It varied 
from 6.6 lo 9.S mg. per kilogram. The stroke volume increased in all, 
varying widely from +3 to +85 per cent. Heart rate invariably decreased 
and in three of the five hypotensive dogs the increase in stroke volume 
was enough to offset the decreased rate with the result that cardiac out- 
put increased. 

The pressor effect of the drug was comiiarahle to that in normal dogs. 
The effect on diastolic volume was much less pronounced than had been 
observed in normal dogs. In only one animal (Exp. 35, Table VI) was 
heart size reduced. In two there was no change, in Iavo others there 
was a moderate increase, and in one there was a large increase (1.4 
units). Little change in A-enous pressure occurred. 

Mixtxire of PHressin ond Epheclrinc . — A mixture of pitressin and 
ephedrine has been recommended for use in the treatment of sliock by 
Bourne (1939) and Melville (1932). It was given to five normal dogs 
and four hypotensive animals (Table VII). In three experiments a dose 
of 'Kg 0^ ephedrine and 21/2 units of pitressin was used, and in the 
remaining six experiments %2 gr. of ephedrine and li/4 units of pitres- 
sin. 

In fovrr of the normal dogs the mixture produced a decrease in stroke 
volume and in one an increase. Likewise, in four of five dogs lieart 
rate was decreased and in one it was slightly increased. In all of the 
normal dogs cardiac output per minute was decreased from 20 to 38 
per cent in four dogs, and 71 per cent in the fifth. 

The mixture had a moderate pressor action averaging 40 mm. Hg. It 
produced an increase in heart size in four of the five dogs varying from 
0.84 stroke volume units to 1.7 units. A definite rise in venous pressure 
occurred in four of five dogs, the maximum rise being 3.6 cm. of water. 
The fifth dog (Exp. 39, Table VII) showed no change. 

After bleeding, the effect on stroke volume was equivocal. The max- 
imum increase was 50 per cent and the maximum decrease 49 per cent. 
Heart rate was reduced in three of four dogs. The effect on cardiac 
output was slight in two experiments, and was decreased in the other 
two about 50 per cent. The pressor effect was less than it had been in 
the normotensive dogs. Cardiac size was increased in all the experi- 
ments, the amount being definitely more than it liad been in the nor- 
mal dogs. The largest increase was 3.4 units and this occurred after 
460 c.c. of blood had been removed (Exp. 42, Table VI), and liypoten- 
sion had been present forty-five minutes. Venous pressure increased 
significantly in all of the hypotensive dogs. 
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SURGKRY 


Angiotonin . — Six normal dogs received a quantity of angiolonin 
equivalent in pressor action to 0.5 c.c. of ] :10,000 adrenalin (Table 
VIII) . Stroke volume decreased in five of six dogs ; heart rate remained 
unchanged in three, and decreased in three. 

In three hypotensive animals (Table VIII) stroke volume increased, 
varjung from 13 to 30 per cent. Heart rate increased slightly in one 
and decreased in two. These changes produced concomitant change in 
cardiac output. The pres.sor effect was less in the hypotensive dogs than 
it had been in the normal. A striking effect of angiotonin was that it 
caused a pronoiuieed increase in diastolic volume when given after bleed- 
ing. In Exp. 56 (Table VIII) the increase was 3.7 stroke volume units; 
in Exp. 42, 1.07 units, and in Exp. 40, 1.2 units (Table VIII). Venous 
pressure increased in all of the h 3 ^potensive dogs. Tlie rise was larger 
than it had been in the normal dogs. 

Paredrine (p-hj'drox.y-a-methjd phenotlndamineln'di’obromide). — One 
cubic centimeter of 1 per cent paredrine was administered to two nor- 
mal dogs. Stroke volume increased 50 per cent ; heart rate increased 
and the result was a large increase in cardiac output. In both dogs 
arterial pressure increased almost 50 mm. Hg. The most striking effect 
produced was a decrease ,in the diastolic volume. The heart size de- 
creased 1 and 2.6 units. This change in diastolic volume is greater 
and more prolonged than anj' i^rcvioush* obseiwed. The effect on venous 
pressure was equivocal. 

Neosijneplirin (levo-a-h3'droxj'-b-metlndamino-3-hj'drox3’- ethjdbenzenc 
hydrochloride). — ^Neosynephrin was administered in varying doses to ten 
normal dogs, and to eight after hj'potension (Table IX). 

The effect on stroke A'olume in normal dogs varied widelj^ In six 
dogs it increased ; the maximum being 39 per cent. In one dog (Exp. 36, 
Table IX) it was unchanged, and in three it was reduced. The max- 
imum reduction was 27 per cent. The.se changes bore no relationship 
to the amount of di-ug given. Heart rate deci'eased an average of 16 
per cent in nine of the ten dogs and remained unchanged in one. In 
onlj^ one experiment was the increase in stroke volume of sufficient mag- 
nitude to compensate for the decrease in heart rate and here (Exp. 35, 
Table IX) it was increased 16 per cent. The average I'lse in arterial 
pressure in normotensive dogs was 46 mm. Hg. Neo.sjmephrin had onlj^ 
a slight effect on diastolic volume in these animals. Ileait size was not 
altered in four and was increased in six dogs. The maximum increase 
was 1.4 units. Venous pressure increased to a variable extent in seven 
and was not changed in three. 

The drug was administered to eight hj'potensive dogs. The amount 
varied from 0.1 to 0.5 c.c. of 1 per cent solution of neosjmephrin. The 
effect on stroke volume was extremely varial)le, ranging from an in- 
crease of 100 per cent (Exp. 35, Table IX) to a decrease of 30 per 
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unclianged in one. The eliief difference obseiTcd in the action of adren- 
alin in norinotensive dogs and hypotensive dogs was that in the former 
the average increase in cardiac output was 41 per cent and in tlie latter 
16 per' cent. Tlie rise in arterial pressure was about equal in both 
groups. In botli normoten.sive and liypotensive, diastolic volume was 
decreased. Changes in venous ]ircssure were variable and were not 
significant. 

Tuaminc (2-amino lieptane sulfate*). — The cardiac action of tuamine 
was tested in ten normal and eight hypotensive dogs. The amount given 
varied from 0.45 to 1,1 mg. xier kilogram. In normal dogs it had a 
varied effect on stroke volume (Table XI). In six dogs it was reduced 
an average of 31 per cent, in two it increased 57 i^cr cent in one and 19 
per cent in the other, and in two it was unchanged. Heart rate increa.sed 
in five dogs and decreased in five. The maximum increase was 55 per 
cent and decrease 31 per cent. In six ajiimals cardiac output was de- 
creased, the maximum being 36 per cent; in one it was unchanged, and 
in three increased, the maximum being 29 per cent. 

The pressor effect as comxmred to the cardiac action was less marked 
than that of the other .sub.stances tested and it could not be correlated 
with the amount given. In Exp. 56 (Table XI) in which 1.1 mg. per 
kilogram was administered, arterial pressure increased 12 mm. Hg., 
while in Exp. 33 with 0.45 mg. per kilogram), the respon.se was 20 mm. 
Hg. Dia.stolic volume decreased in seven of the ten normal dogs, the 
maximum being 1.8 units (Table XI). A small inci’ease occurred in 
three experiments. Large but variable changes occiu'red in venous 
pressure; in four dogs it declined about 2 cm. of water and in three 
increased 1.0 cm. These changes also bore no relation to size of the 
dose. In the hj'iiotensive dogs the drug usualby produced a strik- 
ing increase in stroke volume, while in the normal animals it was in- 
creased in only two of the ten dogs. The change was proportionately 
much greater than in normal dogs (Table XI). In Exp. 36 (Table XI), 
for example, stroke volume increased 140 per cent. The effect of 
tuamine on heart rate was .just as variable in the hypotensive as in 
normal dogs. However, the consistently large increase in .stroke volume . 
was sufficient to compensate for decrease in heart rate in all but one of 
cisrht hypotensive dogs resulting in increased eai'diac output in 
seven dogs. 

The pressor effect was similar to that observed in normal dogs, and 
it was sianificant that in those experiments in which there had been a 
great increase in stroke volume and cardiac output (Exp. 29, 31, and 
32) tlic pressor response was .smaller than in Exp. 42 in which stroke 
volume decreased, or Exp. 35 in which cardiac output diminished. Di- 
a.stolic volume was decreased in six of eight liypoteirsivo dogs. This de- 
crease in cardiac size was definite, the maximum being 3.3 units, the 
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minimum 0.5 units. This change could not be correlated ndth the 
quantity of tuamine administered. Venous pressure changed variably 
but in all experiments in vhieh diastolic volume decreased the venous 
pressure increased. 

On the basis of these results tuamine, adrenalin, and paredrine were 
the only drugs of those tested that possessed the properties which 
would make them useful in the preinfusion treatment of hemorrhagic 
shock. 

i\Iethyi iso-thiourea was re.ieetcd because it did not decrease, but 
slightly increased, diastolic volume. And the fact that it produced a 
reduced pressor response or even a depressor one, after a second or third 
injection, limited its usefulne.ss. The mixture of ephedrine and pitressin 
was unsatisfactory because it increased diastolic volume. Angiotonin 
also increased diastolic volume aird temporarily reduced cardiac out- 
put. Furthermore, the supply of this substance is limited at present. 
Neosjurephrin produced a large rise in arterial pressure and only minor 
changes in cardiac output, which was indicative of increase in peripheral 
resistance. In terminal posthemorrhagic shock an increase in the al- 
readj’ excessive peripheral resistance miglit be harmful. 

Tuamine decreased diastolic volume to a marked degree in hj-po- 
tensive animals. The equally consistent increase in cardiac output to- 
gether with a relatively small rise in arterial pressure suggested that it 
did not greatly increase peripheral resistance. Paredrine appeared to 
have the same effect although in two dogs the pressor response was more 
pronounced than that produced by tuamine. Adrenalin increased cardiac 
output and decreased diastolic volume, but its action was very brief. 
Furthermore, it has been established (Kohlstaedt and Page) that the 
action of adrenalin decreases as the duration of hjqjotension is pro- 
longed and it would be less effective in the terminal phase of post- 
hemorrhagic hypotension than tuamine or paredrine. 

TKEAT5IEXT OP TER>nX'An POSTHEMORRHAGIC HYPOTENSION BY 
INFUSION OF BLOOD ALONE 

Before undertaking a study of the efficacy of the treatment of severe 
hemorrhagic shock by administration of a drug prior to the infusion 
of blood, it was essential that the limitations of the treatment of this 
degi’ee of shock by the infusion of blood alone should be established. 
For this ptu'pose five dogs in various grades of severe shock, as deter- 
mined by the criterion of cardiac dilatation, were treated by infusion of 
blood alone. 

In one animal (Exp. 66, Table I) treatment was started before 
cardiac dilatation had appeared although the amount of blood re- 
moved equalled 4.6 per cent of body weight and hypotension had ex- 
isted 185 minutes. The intravenous infusion was begun at the rate of 
26 c.e. per minute. Venous pressure rose 12 cm. of water and the 
cardiometer record of diastolic volume rose 53 mm. Stroke volume in- 
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ei'eased from 4 lo 14 c.c. and hoavl rate decreased from 120 (o 60 per 
minute. Thus, cardiac output was inerca.scd from 0.48 liter per minute 
to 0.84 liter per minute, Imt arterial pressure increased only 6 mm. Ilg 
during infusion. One hour later circulation was normal, stroke volume 
having increased to 22 c.c., heart rate to 70, cardiac output to 1.5 liters 
per minute, and arterial pressure 84 mm. Ilg. 

In the remaining five experiments of this group (Kxp. 62, 63, 69, 89, 
and 90, Table I) cardiac dilatation was present at the time infusion of 
blood was begun, and all of the dogs died before it was completed. Ar- 
terial pressure had been kept at ±40 mm. Hg during the period of hj^po- 
tension and was not excessively low when treatment was begun. The 
lowest was in Exp. 89 (Table I) in which the pressure was 28 mm. Hg. 
The average increase in the eardiometcr record of diastolic volume was 
11.6 mm. Intrathoracic venous pressure increased as cardiac dilatation 
occurred, the minimum being 0.6 cm. of water and the maximum 3.7. 

Inti'avenous infusion caused an increase in stroke volume and a de- 
crease in heart rate in all experiments. Cardiac output increased in 
three and decreased in two experiments. Arterial iiressure did not rise 
in any of these experiments. Venous pressure increased moderately 
during infusion. Death occurred suddenly and was preceded by cessa- 
tion of spontaneous respiration in all experiments. Artificial I'espira- 
tion failed to save the dogs. 

TREATMENT OP POSTHEMORRHAGIC HYPOTENSION BY THE ADJIINISTRATION 
OF A DRUG AND INFUSION OF BUOOD 

Tmmine. — The preceding experiments demonstrated that circulation 
could not be restored by intravenous infusion of blood alone if withheld 
until sufficient cardiac dilatation occurred. Further, it is evident that 
tuamine sulfate, because of its stimulant action on the heart, might aid 
in restoration of the circulation, so averting the failure of blood alone. 
To demonstrate this, ten experiments Avere performed (Table II) in 
dogs Avith severe grades of cardiac dilatation. Tuamine Avas first in- 
jected and quickly folloAA'ed by intravenous infusion of Aidiole blood. 
Circulation Avas restored in all of these animals. The average increase 
in cardiac output Avas 30 per cent at the end of the infusion. The in- 
fusion produced a temporary rise in Amnous pressure and diastolic vol- 
ume, but Avas less AA’hen tuamine Avas used prior to infusion, than in 
those treated by blood alone, despite the fact that the rate of admin- 
istration averaged 40 c.c. per minute, Avhile Avhen blood alone had been 
given it Avas only 26 c.c. per minute. In five of the ten experiments in 
Avhich the combined form of treatment Avas used, spontaneous breathing 
had ceased before tuamine Avas giA'en. 

The results of a typical experiment (No. 77) are illustrated in Fig. 2. 
At T (Section III) 20 mg. of tuamine Avere injected and the effects of the 
drug alone are .shoAA-n in tlie remainder of this section. Section 7F Avas 
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taken immediately after the infusion ended. The restoration of stroke 
volume and arterial pressure are illustrated. Likewise, the rise in 
venous pressure and diastolic volume produced ])y llie infusion are ap- 
parent. Section V was taken fifteen minutes later, when cardiac out- 
put and arterial pressure Avcre higher tlian live prehemorrhagic level. 
Venous pressure and cardiac size had returned to their control level. 

Two experiments Avere perfonncd in Avhich .fortuitously the condi- 
tions Avere exceptionally similar and hence serve to illustrate the effect 
of the combined treatment (Exp. 63 and 75, Fig. 3). 


EXPJ5 


RESP. 


ydtT/o 

C,0.^ 

srtrOiK 



A.P. 

my-n6\' 


EXP 63 EX PS 8 



Pig-. 3 . — Treatment of posthemorrhagic hypotension by drugs and by infusion of 
blood alone. Resp., Rate and depth of respiration; GO, cardiometer record; vP, 
venous pressure, and AP, arterial pressure. 

Exp. 75, Circulatory effect of tuamine sulfate during phase of cardiac dilatation — 
T 20 mg. tuamine injected ; Exp. 63, treatment of posthemorrhagic shock during 
cardiac dilatation by infusion of blood B (infusion began) ; Exp. 88, circulatory effect 
of fouramine during phase of cardiac dilatation; P (30 rng. 4-amine injected). 


The effect of tuamine on the heart is apparent in Exp. 75 (Fig. 3). 
AlthoAAgli cardiac output Avas doAibled, the arterial pressure increased 
only 12 mm. Hg. In Exp. 63 (Fig. 3) in AAdiich the status of circulation 
Avas similar to that of Exp. 75, the infusion of blood Avithout tuamine 
had a disastrous effect. Cardiac output decreased fi’om 0.5 to 0.14 
liter per minute, ai-terial pressure declined, venous pressure rose, ujkI 
the heart dilated. In another experiment the blood Avas given before the 
tuamine. The infusion Avas started wdien l.S stroke volume units of 
cardiac dilatation Avere present. After the infusion of 80 e.c. of blood, 
cardiac dilatation had increased to 2.6 units, and tuamine Avas admin- 
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COKIUTIOKS DuUIN'O IIyI'OTEN'SIOX AND Bi;K()I!I; XlSEATMENT 



EXD. 0:1 

DOO’S WEIOIIT 
J1.2 KO. 

EXr. 75 

Don’s WEIOIIT 
11.5 KO. 

c;v.«tolic dilatation unit.'! 

2.(i 

2.4 

Blood removed per cent body n eight 

2.0 

2.7 

Time in min. reguired to produce requisite 
dilatation 

105 

04 

Cardiac output at end of hj-potensive 
period liter per min. 

0,5 

0.5 

Arterial pressure mm. Hg 

40 

.12 

Treatment 

Xo tmiminc 

10 mg. tuamine 

Bate of blood infusion c.o. per min. 

05 

14 


isteml, but it was incffcclive in preventing t'urtlicr cardiac dilatation 
and ultimate failure. 

Ponramine (2-amino-4-mctI).vl hexane sulfate). — Fouraniine was ad- 
ministered in four experiments (Exp. 84, S6, 87, and 88, Table III) prior 
to the infusion. Treatment was not begun until systolic dilatation 
reached three or more stroke volume units. Thus, the severity of shock 
in these was equal to, and in some experiments exceeded, that present 
in the experiments in which tuamine had been used. 

The eifect of this compound on the circulation is illustrated in Exp. 
88, Pig. 3. The changes in stroke volume and systolic volume are strik- 
ing and are similar to those produced by tuamine. Cardiac output 
was increased from 0.27 to 0.84 liter per minute but arterial pressure 
rose only 12 mm. Hg. In three of the four experiments, fouramine 
and infusion restored circulation to its prehemorrhagic level. In Exp. 
87 (Table III), in which five stroke volume units of cardiac dilatation 
were iiresent, fouramine failed to reduce cardiac size and the dog died 
during the infusion. 

Oneamine (1-amino heptane sulfate). — In two experiments (Nos. 97 
and 98, Table III) in which oneamine was substituted for tuamine, the 
circulation was not restored by infusion of the blood wliich followed its 
administration. In Exp. 97 there appeared to be some temporary im- 
pi'ovement after the drug was administered but it was of short dura- 
tion. AVithin four minutes, arterial pressure had been elevated from 38 
to 100 mm. Hg, and cardiac output increased from 0.6 to 1.8 liters. The 
latter was not maintained and seven minutes later it had decreased to 
0.73 liter per minute, although the infusion continued throughout the 
period. Arterial pressure retimied to 46 mm. Hg and the dose of one- 
amine was repeated. The second injection had no evident effect and the 
dog died with low blood pressure twelve minutes after infusion was 
complete. 

Oneamine also failed to reduce cardiac size in Exp. 98 (Table III) and 
cardiac output was decreased rather than increased. The infusion was 
ineffective. 
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Paredrine . — One cubic ccntimetei- of 1 per cent iniredrine was admin- 
istered just prior to infusion in tAvo experiments (Exp. 94 and 96, 
Table III), The injection of paredrine A\ms very eifectiA'e in reducing 
heart size in one experiment (No. 94) in which cardiac dilatation was 
present to the extent of 3.4 stroke A'olume' units. The s.AAstolic Amlume 
decreased 35 mm. and stroke A'olume and lieart rate increased. Arterial 
pressure increased immediately from 34 to 90 mm. Hg and Avhen tlie in- 
fusion AA'as ended, the circulation liad l)een restored. But in Exp. 96 
(Table III), although the degree of shock Avas not excessiA’c (1.6 stroke 
A’olume units), administration of paredrine did not change the cardio- 
dynamic pattern during the tAA’o minutes of the dog’s surviA'al. The 
cardiac action Avas much sloAver in its omset than tliat of tuamine. 

Adrenalin. — Qne dog (Exp. 91, Table III), (1.6 .stroke A-olume units) 
Avas treated Avith 30 gamma of adrenalin just before infusion. During 
the three minutes the dog surviA’od after it Avas giA-en and A\-hile being- 
infused, no change in cardiac output or arterial pressure occurred. The 
same dose of adrenalin Avhen administered in the prehemorrhagic period 
to this dog increased cardiac output from 1.2 to 2.2 liters per minute and 
eleA’ated arterial pressure 64 mm. Hg. 

The loss of responsiveness to adrenalin during prolonged posthemor- 
rhagic hypotension has been described b.A- Eons and Wilson (1919) and 
Itj" Page (1942). In Exp. 92 (Table III) a large dose (1,000 gamma) 
Avas administered Avhen a severe degree of hemorrhagic sliock Avas pres- 
ent (five .stroke volume units). The adrenalin increased stroke A’olume 
from ±2 to 8 e.c., heart rate from 100 to ISO, and thus cardiac output 
from 0.2 to 1.4 liters per minute. Together AA’ith the infusion of blood, 
adrenalin raised arterial pressure from 28 to 100 mm. Hg. HoAA'ever, 
the effect Avas very brief and although the infusion Avas continued, 
cardiac output and arterial pressure began to decline after four and 
one-half minutes. When the infusion ended, cardiac output AA’as 0.63 
liter per minute and arterial pressure AA'as 30 mm. Hg. Heart rate and 
respiration Avere sIoav and the dog died one minute later. ■ 

From these results it is appai’ent that the action of adrenalin is too 
fleeting to be of value in this method of treatment of scA-ere post hem- 
orrhagic shock. 

Changes in Roentgenograms of the Heart During Posthemorrhagic 
Hgpotension and Its Treatment. — In the preceding experiments, changes 
in cardiac size Avhich occurred during hypotension and the period of 
treatment haA’e been calculated from cardiometer records. As a more 
direct approach, photographs Avere taken of the clicst Avith a portable 
x-ray machine at inter\’als during experiments in Avliicli the eardiod.A’- 
nainie changes Avere simultaneously being recorded by a cardiometer. 

It Avas important that the position of tlie dog and the x-ray machine 
remain constant throughout tlie experiment ; therefore, a special board 
Avas constuieted AA’hieh made it pos.sib1e to slip a cassette under the dog’s 



UKCKNT ADVAXCKS IX SURfiEIIY 


457 


linek without inovin" the fininial. This was accomplished liy eonstnict- 
insx a bridiic of plywood 2 cm. above the surface of the do" board. Corks 
were nailed along the board to ]ircvcnt any lateral motion of the animal. 

In all experiments the changes in heart size as estimated from trans- 
ver.se cardiac diameter of the heart shadow were found to parallel those 
recorded by the eardiometer. The.sc are shown in a typical experiment 
in Fig. 4. The reduction in size during bleeding and the fir.st part of 
the hypotensive period were easily discernible, being 1.2 cm. maximum 
and 0.5 cm. minimum. As hypotension was continued, a progressive 
increase in cardiac shadow occurred and this appeared .simultaneously 
with the increase in diastolic volume ob.served in the eardiometer 
records. Just before ti-eatment was begun, the shadow was slightly 
larger than during the prehemorrhagie period and much larger than 
during the first part of the hypotensive period. 

The increase in cardiac silhouette above the point of maximum re- 
duction in size, that is, from ]ioint B (Fig. 1) during the terminal phase 
of hypotension, varied from +0.8 to rl.5 cm. But change in silhouette, 
as was to be e.xpectcd, could not be correlated with .stroke volume units. 
The large.st increase did not occur in the experiment with the largest 
increase in stroke volume units. 

Hypotension in these experiments was treated by the injection of 
fouramine or tuamine and infusion of blood. The cardiac shadow de- 
creased after treatment was completed in four experiments in which 
circulation was restored, but in one in which treatment failed it con- 
tinued to increase after the infusion ended. 

Tachyphylaxis. — Administration of a single large dose (50 mg.) of 
oneamine caused the' blood pi'essure to rise 100 min. Ilg or more. 
A second dose given after the arterial pressure had returned to 
its initial value elicited little or no rise and a third dose usually caused 
a fall. Tuamine and fouramine caused no rise and commonly a fall in- 
stead. Reversing the order of administration, it was possible to make 
dogs tachyphylactic by means of tuamine or fouramine to oneamine. 
Thus, cross tachyphylaxis is produced by a fairly broad group of struc- 
turally related amines. It seldom lasts more than an hour. 

Pithing the dog, once tachyphylaxis has become established, does not, 
as is the case with adrenalin, enhance the pressor response. 

The pressor action of angiotonin, a peptide, was not blocked by prior 
tachyphylaxis to these amines. 

Treatment of Posthemorrhagic Hypotension in “Intact” Bogs hy 
Administration of Thiamine and Infusion of Blood. — In the precedino- 
experiments application of a eardiometer precluded obsciwations on the 
survival of the dogs in which the circulation had been restored. There- 
fore, eight experiments were performed in which the occurrence of 
cardiac dilatation was determined by the radiographic method. Roent- 
genograms were taken before bleeding, at intervals during the hypo- 
tensive period, and after circulation had been restored by treatment. 
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Arterial pressure Avas reduced to 40 inin. Jig by iul('rJiiittent bleeding. 
Hypotension Avas niaintainod at lliis Ica'cI until cA'ido7ice of inci’caso in 
cardiac silhouette Avas observed on the x-ray pliotograp])s and then it 
Avas prolonged until death of tlie animal appeared imminent because of a 
sharp decline in arterial pressui'c or decrease in both rate and depth of 
respiration. 

The cardiac silhouette lArogrcssh'cly decreased in size during bleeding 
in the paimary stage of hypoten.sion, Tlie maximum reduction in the 
transverse diameter of the cardiac shadoAv Avas 2.4 cm. and the minimum 
1.0 cm. As hypotension Avas continued the decrease in the cardiac sil- 
houette changed to an increase. The longest period of hypotension 
which elapsed prior to the appearance of an increase in cardiac shadoAV 
was 112 minutes, and the shortest, 60 minntes. In four experiments 


TP 


A B T c D 

Fig. 5. — Treatment of postliemorrliagic shock by administration of tuamine sulfate, 
foliowed by intravenous infusion of blood. Dog’s weight: 12.8 kg. 

Section A, Frehemorrhagic period; Section B, after 122 minutes of sustained hypo- 
tension produced by removal of 520 c.c. of blood ; Section C, after 193 minutes of sus- 
tained hypotension and radiograpliic evidence of cardiac dilatation, arterial pressure 
had declined to 20 mm. Hg, at T, 25 mg. tuamine were injected and began intravenous 
infusion at rate of 50 c.c. per minute ; .Section D, thirty minutes after infusion had 
been completed, arterial pressure remained within limits of normal. 

an intra-arterial injection of 20 to 30 c.c. of blood Avas necessary to main- 
tain the arterial pressure during the terminal portion of the hypo- 
tensive period. This injection of blood temporarily maintained the ar- 
terial pressure but did not halt the cardiac dilatation. The average 
duration of the hj^potensive period after the onset of the phase of 
cardiac dilatation Avas forty-three minutes. The maximum increase 
in the transverse diameter over the minimum observed during hypo- 
tension of the cardiac silliouette was 0.8 cm., and the minimum, 0.4* cm. 

When death appeared imminent, the animals Avere treated by injecting 
2 mg. per kilogram of tuamine sulfate and this Avas immediately fol- 
loAved by a rapid infusion of blood intravenously. This treatment pro- 
duced an immediate rise in arterial pressure (Fig. 5). The average 
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rate of intravenous infusion was 50 e.c. per minute alld within lliroc 
minutes in all experiments arterial pressui-e was moi-e-than 100 mm. 
Hg. In six dogs this elevation was permanent and the animals recov- 
ered. In two the rise was temporary and hotii dogs died within one 
hour after the infusion ended. The average arterial pressure at the end 
of the infusion in the six dogs which recovered was 134 mm. Ilg and 
in these the average arterial pres.siirc twenty-four hours later was 122 
mm. Hg. At this time hematocrit and the plasma proteins were normal. 

In all experiments the roentgenograms taken a.s the infusion ended 
showed an increase in the size of the cardiac silhouette. ' The heart 
shadow was now larger than it had been in the ])rehemorrhagic period. 
In the six dogs Avhieh recovered after infusion was completed and 
circulation stabilized, the cardiac silhouette gi-adually decreased so 
that in the pictures Avhich were taken thirty to sixty minutes after in- 
fusion it was smaller than it had been in the prehemorrhagic period. 
In the two dogs in which treatment failed, the cardiac shadow in the 
roentgenogi’ams taken after li’eatment did not decrea.se but continued 
to increase as arterial pressure declined. 

DISCUSSION 

One of the chief objections to the u.se of a cardiometer in the study 
of circulatory dynamics has lieen tliat conditions of the experiments were 
very abnormal since the normal pressure relations in the thorax were 
disturbed. This objection has been overcome in our experiments by 
closing the opening in the pleura and restoring negative pressure. The 
importance of this maneuver has been demonstrated by Boyd and 
Patras (1941). The fact that the venous arterial pressures and circula- 
tion time were the same after the cardiometer Avas applied as before is 
evidence that it did not interfere with cardiac function. 

The changes in circulatory dynamics during posthemoi-rhagic shock 
obtained under conditions of these experiments were similar to those ob- 
served by Abell and Page (1942) in the blood vessels of cats’ mesenteries 
and rabbits' ears. They found by direct microscopic observation that 
the arterioles and arteries were constricted by active muscular contrac- 
tion after severe hemorrhage and that relaxation of these vessels oc- 
curred in the terminal stages of shock. The reduction in cardiac size 
during the first phase of hypotension is comparable to the stage of vaso- 
constriction, while dilatation of the heart is associated v’itli the stage 
of relaxation of the arterioles. This similarity of behavior of peripheral 
vessels and the heart is to be expected if we remember that the heart 
is only a specialized portion of the Avascular system. 

The progressive nature of the changes in circulatory dynamics Avhich 
occur as posthemorrhagic hypotension is continued have been demon- 
strated. During the period of bleeding, there AA-as a rapid decline in 
stroke volume and cardiac output, but the change in pulse rate Avas 
A’ariable. The need to modify the concept that pulse rate A’aries in- 
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versely witli J’nll in l)lood pi-cssure and cardiac ont]nil lias already been 
liointcd Old in clinical studies by MciMichacl (1944). iM’lor arterial 
pressure had been fixed at a hy]iol cn.sive level and no more blood was 
withdrawn, cardiac output and heart size continued to decrease as hypo- 
tension was fuilher prolonged. Definite changes a])peared in the cardio- 
dynamic pattern. Diastolic and systolic volume began to increase 
rather than decrease. Stroke volume continued to decrease and the 
heart rate grew .slower. These changes resulted in a further decline 
in the already reduced cardiac output. Venous pressure rose concur- 
I’ently with the rise in heart size, but arteilal pre.ssure remained eon- 
.staiit for some time after the on.set of dilatation, to be followed by a 
decline and death. Arterial pre.s.sure could be maintained for a long 
time by intermittent intra-ai'terial injections of 35 to 50 c.c. portions 
of blood, but this did not decrea.se the rate of cardiac dilatation. 

The rate at which cardiac dilatation occurred in the terminal phase 
of shock varied considerably. In those animals in which it occurred 
rapidly a greater degree of dilatation was tolerated than when the rate 
was slower. In five dogs in which respiration ceased before treatment 
started, the time between the onset of cardiac dilatation and cessation 
of respiration varied from seven to forty-four minutes. The demon- 
stration by roentgenographic study of an increase in traverse cardiac 
diameter with an increase in cardiac size, as indicated by the cardiom- 
eter, is evidence that the cardiac volume changes recorded were not 
artifacts. 

The changes in circulation time occurring in tlie early stages of post- 
hemorrhagic shock indicate that vasoconstriction and reduction in size 
of the heart are beneficial adaptations, for circulation time is shortened 
after having been prolonged by bleeding. As hypotension continues 
and cardiac dilatation oecui*s, it again lengthens. 

We wished to produce a degree of posthemoriliagic shock ivhich could 
not be satisfactorily treated by the infusion of blood alone, and there- 
fore, it was essential that a satisfactory critei'ion be established for this 
degree of shock before undertaking a study of therapy. Many experi- 
ments were carried out in which various criteria such as the duration 
of hypotension, amount of blood removed, and the level of arterial pres- 
sure were .used, but they all proved to be inadequate for our purpose. 
Even loss of responsiveness to adrenalin or reduction of stroke volume 
proved unsatisfactory because some dogs could be successfully treated 
by the infusion of blood alone Avhen the requirements of these criteria 
had been fulfilled. 

We observed that if hypotension had been continued until cardiac 
dilatation appeared, then treatment by blood alone failed. Five con- 
trol e.x])eriments were earried out in Avhieh hyjiotension was eontinued 
until the stage of cardiac dilatation ivas present and then the infusion 
of blood started. Treatment by this method failed in all fii-e experi- 
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meiits. Administration of blood seemed to hasten cardiac failure rather 
than overcome it. If the rate of infusion was reduced .sufficiently so 
that cardiac dilatation did not increase, then it Avas so slow that the 
animal died before it could be completed. Having shown that shock 
of great severity could be produced and also the intensity of it measured 
to a degree, Ave attempted to augment the treatment bj* blood infusion 
AA'ith drugs. 

From our observations of the circulatory changes produced by pro- 
longed posthemorrhagic hypotension, it seemed probable that the most 
important action of such a drug Avould be to augment the output and 
force of the heart. If the cardiodynamic pattern could be changed from 
one of progressiA'e dilatation to constriction and increased output, then 
infusion of the blood Avould not haA’e the deleterious action that it does. 
Of the drags studied in normal and hypotensive animals, tuamine, 
paredrine, and adrenalin produced the desired change. Of these, 
tuamine appeared the most satisfactory because not only did it increase 
stroke A’olume but it decreased the diastolic volume. Since, in compari- 
son Anth adrenalin and paredrine, it caused a proportionately gi’eater 
increase in cardiac output than in aiderial pressure, it seemed less actwe 
as a peripheral vasoconstrictor. AViggers and Middleton (1944) have 
demonstrated that peripheral resistance increases as cardiac output 
declines in early hemorrhagic shock, and therefore, if a drug increases 
peripheral resistance at this time, it Avould be harmful rather than 
beneficial. In the late stage of shock, AA'hen the heart fails and arterioles 
are partially dilated, still the imposition of vasoconstriction will in- 
tensifj' rather than lessen the basic defect, the insufficiency of tissue 
perfusion. Such insufficiency of perfusion, AAdth resultant anoxia and 
metabolic change, determines the character of shock and, AAliile the 
larger emphasis of this report is laid on the participation of the heart 
in causing it, Ave do not OA'erlook the significance of concurrent changes 
in other parts of the Avascular .system, nor in other systems than the circu- 
latory. 

Kecently Ave haA’e had an opportunity to obsei've the effect of increased 
cardiac output and low arterial pressure in a patient in AA’hom this con- 
dition had been brought about by a large dose of arsenic trioxide (Page, 
Taylor, Kohlstaedt, 1943) . In this patient cardiac output Avas 5.3 liters 
and arterial pressure by direct measurement 30 mm. Hg, which resulted 
in a calculated peripheral resistance of 17 (normal 100). The patient 
was cooperative, able to moA’e about at aaTII, and suffered no deleterious 
effect from the hAy)otension, except urinary suppression.' This observa- 
tion emphasized to us that better tissue perfusion is desirable in the 
treatment of shock rather than eleA’ation of arterial pre.ssure. Tuamine 
appeared to be a substance Avliich caused improA'ement in cardiac out- 
put Avith the least rise in artei-ial pressure and the smallest change in 
peripheral resistance. 
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We did not expect tnamine alone lo rcslore circulation to its pre- 
hemoi'i’hagic level, but only to produce sufficient iiuprovcmcnt so that 
intravenous infusion of blood would be effective and possible once 
cardiac dilatation had occurred. This proved to be true. Stroke volume 
and cardiac output were re.stored in all the dogs by the combined method 
of treatment, whereas when treated by blood alone, stroke volume in- 
creased in some dogs temporarily but cardiac output was not increased. 
The heart rate decreased rapidly in those experiments in which st,roke 
volume was increased. The rate of rise in arterial pressure in the dogs 
which received tuamine and blood closely simulated that produced by 
intra-arterial infusion in less severely .shocked animals (Kohlstaedt 
and Page, 1943). 

Oneamine was not as effective as tuamine because its action was of 
shorter duration. Fouramine seemed about as effective as tuamine. 
Paredrine had somewhat similar circulatory dynamic action, but it was 
considered less suitable because of the slow onset of its action and be- 
cause it did not stimulate respiration to the same extent as tuamine. 
Adrenalin was of little value because of its very short action; a small 
dose was ineffective and a large dose produced a sharp increase in 
peripheral resistance and proportionately less increase in cardiac output. 
Therefore, it might even be harmful because of furtlier increase in 
peripheral resistance without concomitant increase in cardiac output. 

Oneamine, tuamine, and fouramine all produced crossed tachj’-- 
pliylaxis, usually after the second large dose, a tachyphylaxis apparently 
limited to amines of similar structure because angiotonin, a peptide, was 
unaffected in its pressor response in the face of established amine tachy- 
phylaxis. The refractory period lasts about one hour in dogs. Unlike 
adrenalin, pithing does not enhance the response to these amines. 

Having shown that circulation could be satis factorilj’^ restored with 
the cardiometer in place, it seemed de.sirable to perform experiments 
in which survival could be studied and yet use a criterion of the severity 
of shock similar to the one established using the cardiometer. Measur- 
ing the transverse cardiac diameter by means of the x-ray proved quite 
satisfactory. Six of eight dogs treated by the combined method made 
complete recoveries after having reached the stage of cardiac dilatation. 

In these experiments a longer period of hypotension elapsed in every 
instance before cardiac dilatation was detected by the radiographic 
method than had elapsed before it was shown by the cardiometer. This 
is due to the fact that the cardiometer is able to detect smaller changes 
in cai'diac size, and possibly also that the application of the cardiometer 
added to the severity of the shock. An effort Avas made in these eight 
experiments to prolong hypotension as long as possible to achieve the 
greatest amount of cardiac dilatation before treatment Avas instituted. 
The very rapid rise in arterial pressure produced by the combined 
method of treatment Avas comparable to that observed in the dogs in 
AA'hich less severe posthemorrhagic shock had been treated by intra- 
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ai'leriiil infusion of blood (Kohlstaedt and J’a»:e, 1943). Jlofinito im- 
provement in deptli and rate of re.spirations vas pi-odneed by tiiamine 
in lliese dogs. 

A matter of importance in terminal hemoi-rliagie slioek is the rate 
at wbicli blood is infused. If it is too rapid, further dilatation of , the 
heart occurs and death is hastened. If, on the other hand, it is too 
.slow the progressive failure of the circulation continues almo.st un- 
checked and the animal succumbs before an adetjuate amount of blood 
is made available. It was a .striking observation, therefore, that when 
the infusion of blood Avas preceded by the administration of tuamine, 
much greater rate.s of infusion rvere tolerated than Avithout the drug. 
The rate A\'as almost comparable to that Avhen the intra-arterial method 
of infusion is employed, a very rapid rate indeed in .some ca.ses. 

SUACMARY 

1. Studies on the circulation of ane.sthetized dogs Avere made before 
and after prolonged hemorrhagic hypotension by records of stroke Aml- 
ume and cardiac size Avith the closed che.st type of eardiometer (Boyd) 
of intrathoracie A^enous pressure, circulation time (NaCN method), ar- 
terial pre.ssure, and respiration. The effects of methjd iso-thiourea, 
angiotonin, paredrine, neosynephriri, adrenalin, jiii.xtures of ephedrin 
and pitre.ssin, and the amines, oneamine (1-amino heptane sulfate), 
tuamine (2-amino heptane sulfate), and fouramine (2-amino-4-methyl 
hexane sulfate), Avere observed before and after hemorj’hage in a search 
for a sukstanee AA’hieh Avould aid in restoring the circulation once it had 
seriously failed. Other experiments Avere cariled out in Avhich the 
eardiometer AA'as not used, but the changes in heart size Avere e.stimated 
from x-ray photographs, so alloAving .surviA-al of the aiiimals to be 
studied. 

2. Hemorrhage caused immediate reduction in .stroke volume, diastolic 
volume, and venous and arterial pre.ssure, folloAved by a rise in Amnous 
and arterial pressure, but maintenance of the reduced stroke volume 
and diastolic volume. After a prolonged period of hypotension, venous 
pressure rose sharply and this Avas folloAved by progressiAm increase in 
heart size despite further bleeding. Since systolic A'olume increased 
more rapidl.A- than diastolic, .sti-oke A'oIume grew smaller as dilatation 
progressed and cardiac output AAms further decreased by bradycardia. 
In this terminal period AAdien the .size of the heart Avas increasing, ad- 
ministration of plasma usually precipitated circulatory collapse and 
death. 

3. ]\Iethods for the recognition of the terminal (“irreA^ersible”) phase 
of shock Avere studied and all found AAmnting except for one. This Avas 
the determination of the relatiA'e amount of cardiac dilatation. A 
“stroke volume” unit AA’as aseertained by measuring the height of the 
eardiometer tracing at that point when cardiac dilatation could first be 
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dolcelcd. 'Will'll tlie syslolii* vohiiiio iiad ri.soii to a point ciiind to tlio 
height. oi‘ the stroke voliiiiie. one miit of dilatation liad oeeiirred; almost 
no animals survived despite attempts to reinru.se blood. 

4. Among the various drugs tested on both normotensive and liyiio- 
teiisive animals, luaiiiine was .selected chiefly liecanse oF its quick stimu- 
lating action on the heart without significant ])eri])heral va.socon.strictor 
action. 

5. Tuamiiie, like oueamine and fouramine, causes crossed tachyphy- 
laxis limited to structurally related amines hut not extending to peptides 
such as angiotonin. These amines differ from adrenalin in that de- 
struction of the nervous system does not enhance their pressor action. 

6. Injection of tuamiiie immediately followed by infusion of blood 
allowed the blood to be given at a fast rate. The combined treatment 
caused a .sharp rise in arterial pressure, usually to normal, Avhich in most 
eases was sustained. 

Experiments in which survival was sought were performed without 
the use of the cardionieter but by determining cardiac dilatation bj" 
means of x-ray photographs. Mo.st of these animals recovered when 
given the combined treatment despite the very .severe conditions imposed. 

We wish to express our grateful appreciation to Mr. Clifford Wilson for his as- 
sistance. 
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Review of Recent Meetings 


]\IEETING OF THE AMERICAN ASSOCIATION OF GENITO- 
URINARY SURGEONS AT STOCKBRIDGE, ^MASS. 

JUNE 8 TO 10, 1944 

C. D. Cree\’y, ]\I.D., M1XKE.VPOL1S, Minx. 

Wednesday, June S 

A CASE reported by M. F. Campbell, Xew York, de=criljed a varicocele in a boy 
of 12 years. It proved to be due to compres.sion of the spermatic vein by 
aberrant renal vessels. Cure followed division of the aberrant vessels and of the 
spermatic vein. 

His second case report concerned a premature infant with retention of urine 
apparently due to a birth injury to the nervous system. Keeovery followed pro- 
longed use of an inh-ing catheter. 

Charles M. McKenna of Chicago described two cases of true lateral hermaph- 
roditism with hj’pospadias. In each instance what was thought to be an un- 
descended left testis proved to be an ovary. The presence of a testicle on the right 
side was proved by biopsy. They were treated by left oophorectomy, straightening 
of the penis, and urethroplasty. 

C. M. Davis, Philadelphia, has evolved rather a complicated method of treating 
midserotal hypospadias. Because of the location of the external urinary meatus 
it is, in his opinion, impractical to divert the urine during healing of the urethro- 
plasty, by means of the usual perineal urethrostomy. After preliminary 
straightening of the penis, he constructs the glandular urethra from the foreskin, 
and the penile urethra by the method of Duplay. However, the Duplay plastic is 
continued behind the external meatus to the posterior edge of the scrotum, and a 
catheter is inserted through this accessory canal into the bladder. H hen healing 
is complete, the accessory canal is excised. 

C. L. Deming, Kew Haven, treated a patient for papillomatosis of the urethra 
and carcinoma of the bladder by repeated fulguration of the urethra, excision of 
the carcinoma of the bladder, and finally by removal of the penile urethra because 
of recurrence. Twelve years after the first treatment, one lung was removed becau.=e 
of metastases. One year later, however, there was evidence of metastasis in the 
ilium. 

H. J. Jewett, Baltimore, has done twenty-five ureteroenterostomies and total 
cystectomies for carcinoma of the bladder. Having observed that a stony indura- 
tion. of the outer surface of the bladder ordinarily meant early recurrence and 
death, he reviewed the protocols of 107 autopsies in vesical carcinoma, and found 
no metastases when the growth was confined to the mucosa and submucosa, a few 
when there was but little invasion of the muscularis, and many (52 of 89) when 
the outer coats of the bladder were invaded. Bimanual palpation of the bladder 
under anesthesia is of great value in detecting the penetration of the wall of the 
bladder which means that cure by any method is very unlikely. 

A. J. SchoU of Los Angeles had a patient with a vesical diverticulum contain- 
ing a papillary carcinoma as well as an xanthoma which extended out of the 
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divorticuhiin onto the adjoining vesical mucosa. The iiatient was well one year 
after excision of tho Ic.sions. Scholl cited the occurrence of the xanthoma in the 
bladder as a curiosity. 

B. C. Graves of Boston has done ureteroenterostomy and total cystectomy for 
vesical carcinoma a number of times since 1933. He transplants one ureter at 
the first stage, and at the second transplants the other ureter and removes the 
bladder. He employs continuous spinal anesthesia with great satisfaction. One 
patient is well 1014 years after operation and has a normal excretory urogram. 

In tho discussion G. G. Smith, Boston, reported ten cystectomies in the past 
year with but one death. Qiiinby of Boston and Colby emphasized their view 
that external irradiation should not be cmploj'cd in anj' tumor of tho bladder which 
is amenable to operation. 

T. H. Colby of Boston discussed an unu.sual syndrome called Belter’s disease, 
characterized by conjunctivitis, poly.artliriti.s, prostatitis?, and urethritis. In his 
three cases, smears and culturdh of discharge from the eyes, joint fluid, urethral dis- 
charge, prostatic secretion, and urine were negative, and chemotherapy, including 
penicillin, was of no avail. The cause of tho disease is unknown. All patients 
recovered. 

G. B. Livermore, Memphis, treats urethral strictures by means of a bougie 
carrying a laterally placed strip of copper. Under local anesthesia, current from 
a surgical diathermy machine is passed through a strictured area. The current 
used is not strong enough to cut but is intended to cause shrinkage of the tissue. 
Periodic dilatations are continued. Livermore believes that the method facilitates 
dilatation and delays recontraction. It may be used more than once in a given case. 

J. A. Taylor, New York, had a patient who had had excisions of epithelial 
horns of the glans penis on five different occasions. He has been free of recur- 
rence for a year or so, but Taylor anticipates more recurrences. 

In the discussion, Huggins called attention to the similarity between this lesion 
and the papillomas of the penis occurring in a certain strain of wild rabbit. The 
lesion in the rabbit is transmissible, and is thought to be due to a filtrable virus. 

Friday, June 9 

G. S. Poulds, Toronto, described a case of renal calculus due to an adenoma of 
the parathyroid, which was removed. 

H. G. Hamer and H. O. Mertz of Indianapolis were able to dissolve a recur- 
rent renal calculus (two previous operations) composed of alkaline earths by 
prolonged irrigation with the “solution G” of Suby and Allbright. 

H. G. Bugbee of New York, who was awarded the Keyes medal for achievement 
in urology, described a technique for nephrolithotomy for branched renal stones 
in which Gerota’s (perirenal) fascia is lefjt attached to the kidney. This fibrous 
layer, thickened by the previous operation, serves to hold the mattress sutures 
with which the nephrotomy is closed around a nephrostomy- tube. 

H. C. Bumpus of Pasadena did a left nephroureterectomy- for a pyonephrosis 
due to ureteral calculi in a hy-poplastic kidney- in a 27-y-ear-old male with severe 
hy-pertension. The systolic pressure dropped from 220 to 150, but a few days later 
paroxy-snial dyspnea and hypertension appeared, and the patient died on the 
fourteenth postoperative day in uremia. At autopsy- the artery- to the remaining 
kidney- contained a thrombus. The essayist believed that the sequence of events 
indicated that tho liypertension was renal in origin, coming originally- from tho 
left kidney- and, when thrombosis and infarction developed after the left nephrec- 
tomy-, from the right. 

W. r. Braasch, Bochester, Jlinn., reviewed the various unilateral renal lesions 
which may cause hypertension. He was unable, in a study of a large series of 
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patients with nepliroptosis, to uncover evidence indicating any relationsliip between 
renal ptosis and liypertension. 

In the discussion of the papers, Barney and Colby of Boston and Keyset 
of Soanoke pointed out that manj' stones have organic matrices or nuclei which are 
insoluble in solution G, and tliat very compact calculi are theniseU'es insoluble. 
Keyser suggested that a per cent .solution of urease might effect a dissolution of 
the organic inaterial in some cases. Colston (Baltimore) dissolved a recurrent 
calculus by long-continued irrigations with solution 6 through a nephrostomy. 

Scholl, also in the discussion, reported several cases of hypertension in which 
bilateral narrowing of the aortic orifices of the renal artery was found at necropsy. 
Nesbit, Ann Arbor, had no success with nephrectomy for hypertension in renal 
hypoplasia. 

•1. C. McClelland, Toronto, succeeded in excising a papillary carcinoma of the 
pelvic ureter and making an end-to-end anastomosis. It was done quite recently. 

A. I. Dodson of Hichmond, Va., de.scribed wlTat he thought to be a large 
diverticulum, containing a stone, in the pelvic ureter of a woman. It was treated 
by local excision and nephrectomy. Since there was a duplication of the left renal 
pelvis, the reviewer ventures to sugge.st that this was an instance of an ectopic 
ureteral orifice ending in a cyst of.Gaertner’s duct. 

V. J. Oconor, Chicago, presented a case in which pain in the left flank had been 
present for fifty years. The patient proved to have a diverticulum of the right wall 
of the bladder, a large stone in the left ureter, a left hydronephrosis containing 
4,800 c.c. of urine, and a benign hypertrophy of the prostate. Treatment, which 
was successful, included vesical diverticulectoniy, cyst ostomy, ureterolithotomy and 
ureterostomy (one stage), transurethral resection, and nepliroureterectomy. 

J. D. Barney, Boston, gave a follow-up report upon a patient who had a 
nephrectomy for adenocarcinoma in 19.32, and a pulmonary lobectomy for 
metastases in 1933, and, who was living and well in 1944. .Such solitary metastases 
are exceedingly rare. 

N. J. Heckel of Chicago excised a mass from the .spermatic cord ,,and found it 
to be a tuberculoma. He could find only two cases in the literature. In the 
discussion Barney reported a similar case, the patient well twenty-five years after 
excision of the mass and corresponding testicle. 

B. S. Barringer, New York, reviewed a considerable series of testicular neo- 
plasms. Eighty iDer cent were classified as seminomas, and 17 per cent as adeno- 
carcinomas. They w'ere treated by orchidectomy and external irradiation. Thirty 
per cent of the patients were well five years after treatment, including several 
who had abdominal metastases when treatment was starteil. 

W. H. Toulson, Baltimore, treated a young negro man with elephantiasis of 
the penis and scrotum due to lymphogranuloma, by simple excision and skin 
grafting with a good end result. 

Saturday, June 10 

Charles Huggins of Chicago discussed an enzyme found in the normal jirostatic 
secretion and capable of liquefying clotted blood or semen. It is a globulin, and 
is present in increased amounts in long-standing prostatitis. 

N. P. Rathbun of Brooklyn reviewed the results of castration in twentj’-three 
cases of carcinoma of the prostate done in the last three years. Only two were 
not benefited. There was, however, nothing resembling a cure. 

B. M. Nesbit, Ann Arbor, compared the results which followed treatment of car- 
cinoma of the prostate by castration (seventy-five cases) with those which resulted 
from the administration of e.strogens, usually 1 mg. of stilbestrol daily (fifty 
cases). The two methods were about equally etfeetir'e in relieving pain and in 
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increasing body weight. Castration was superior to therapy witli estrogens in pro- 
ducing amelioration of obstruction to urination, slirinkage of the primary lesion, 
and regression of metastases. He called attention to a case in wliich an elevated 
serum acid phosphatase fell to norm.al after treatment and remained so until death 
although, at autop.';}’, the primary and metastatic lesions contained an abundance of 
acid phosphatase (special stains). 

In the discussion, Herbst of AVashington stated that some of hi.s patient.s had 
developed avitaminosis while taking estrogens. He believed that the administra- 
tion of thiamine and nicotinic acid had increased comfort and prolonged life in 
some of them. He advocates increased doses of estrogens when smaller ones fail, 
and castration if the larger ones are ineffective. 

Davis of Philadelphia cited two cases of mania following the administration of 
estrogens. 

Dean, New York, disagreed with Ne.sbit, stating that the reduction in the size 
of the primary tumor was greater with estrogens than with castration. Sixty 
per cent of his patients had relapses six to eight months after castration; he felt 
that those treated with stilbestrol remained comfortable longer, and that the 
greatest relief was seen in those patients with striking hypertrophy of the breasts. 

Huggins, Chicago, has some patients who are clinically well four years and 
nine months .after castration; bony metastases have disappeared completely on 
x-ray in five of eighty castrated patients. In his experience a failure after castra- 
tion is not amenable to therapy with the estrogens, and vice versa. Nesbit dis- 
agreed with this view. 

A. L. Dean of New York described the case of a young woman who had re- 
ceived heavy irradiation of the left abdominal area for what was clinically a 
lymphosarcoma. The mass disappeared, but 714 years later she had a hypertension 
of 180/100. She proved to have a contracted left kidne}' with reduced excretion 
of diodrast and mannitol, but a normal differential phthalein. The left kidney 
was removed, and showed shrinkage of the lower half with advanced arterio- 
sclerosis. The blood pressure has remained normal during the ensuing fourteen 
months. 

E. G. Crabtree of Boston discussed a patient who had a leiomyoma of the 
kidney containing a hemorrhagic cyst, and who was well many years later. 

A. K. Stevens, New York, desci'ibed two cases in which polycystic kidneys were 
recognized years before death, and in which repeated cortical infections were re- 
lieved periodically by surgical procedures and by urinary antiseptics, but which 
finally caused death. 

Robin Pearse, Toronto, discussed the acid-base equilibrium in urological patients, ■ 
particularly those with prostatism. He emphasized the importance of discovering 
and correcting acidosis, usually by the administration of 5 per cent sodium bicar- 
bonate intravenously. 

Emerson Smith, Montreal, had several patients with essential hematuria, in 
whom the prothrombin time was prolonged, and whose bleeding ceased after the 
administration of vitamin IC He also advocated the use of dicumarol in 
hematuria with repeated urinary retention from clots when the causative lesion 
was inoperable, as in far advanced renal and vesical neoplasms, simply to prevent 
clotting in the bladder and to increase comfort. He had done this successfully 
in three cases. 

Deon Herman and L. B. Greene of Philadelphia discussed diverticula of the 
female urethra and reported six cases. Simple excision is usuallv curative. 



THE TWENTY-SIXTH ANNUAL JIEETINH OF THE A:\IEKICAN 
BEONCHO-ESOPHAGOLOGICAL ASSOCIATION 
Paul H. Holixger, jM.D., Chicago, III. 

■ I 'HE twenty-sixth annual meeting of the American Broncho-esophagological 

Association "was held June 6, 1944, in Xew York. The following papers were 
presented : 

Eohert L. Moorhead, Brooklyn, Js. Y., presided. In his presidential address 
Moorhead mentioned tlie advances in the field of broncliologv' and esophagologj' 
which had taken place during the years in which the Association had held its meet- 
ings. He also discussed the future of bronchoscopy, stressing the role wliich chemo- 
therapy applied bronchoscopicalh- will play. Finally, Moorhead mentioned the 
limitations of bronchoscopy as a diagnostic aid. One example is the inability to 
obtain more than 75 to 80 per cent positive biopsies in sn.spected bronchogenic 
carcinoma. He suggested one means of impromng this figure through the use 
of bronchoscopicaUy directed needle biopsy. 

Gabriel Tucker and Joseph P. Atkins (by invitation), Philadelphia, Pa.; Re- 
cent Trends in the Bronchologic Use of Chemotherapeutic and Biotherapeutic 
Agents. — ^These authors summarize their experience with the endobronchial and 
sj-stemio administration of chemo- and biotherapeutic agents which may be ap- 
plicable to various bronchopulmonary diseases. Autogenous vaccines were found to 
be useful adjuncts to the treatment of chronic tracheobronchitis and allergic tracheo- 
bronchitis. Epinephrine, administered ten minutes before bronchoscopy, was con- 
sidered of value as an aid to broncho.scopic aspiration of secretions from asthmatic 
patients. They state that of the many drugs which have been applied locally in 
the bronchi for the treatment of infection, the sulfonamides and penicillin are the 
first which are both noninjurious to the lung and possess therapeutic effectiveness. 
The sulfonamides are introduced into the bronchi -Nvith a powder blower, macro- 
erj-staUine sulfanilamide and microcrystalline sulfathiazole being used. Penicillin 
used locally in the tracheobronchial tree was introduced in aqueous solution. 

Porter P. Vinson, Richmond, Ya.: Treatment of Chronic Nontub erculous Pul- 
monary Infection by Bronchoscopy and InsufBation of Sulfonamide Compounds. — 
Vinson states that since 1938 he has treated approximately 100 patients with 
chronic suppurative pulmonary disease other than abscess, by bronchoscopic aspira- 
tion followed by the intrabronohial insufflation of powdered sulfonamide prepara- 
tions. He uses a mixture of two parts of sulfanilamide and one part of sulfa- 
thiazole. He stated that one-half of the patients thus treated had been benefited. 
No untoward results were observed in any of the patients. Improvement varied 
from almost complete relief of symptoms in patients mth chronic asthmatic bron- 
chitis associated with purulent secretion, to about 75 per cent reduction in cough 
and expectoration in patients with well-established bronchiectasis. 

The papers of Tucker and Atkins, and Vinson were discussed together since 
their contents dealt with the same subject. William Lell, Philadelphia, demon- 
strated the manner in which the blood levels of the sulfonamide compounds 
varied with bronchial insufflation. Louis Clerf, Philadelphia, pointed out the 
fact that in the presence of pus the bacteriostatic action of the sulfonamide com- 
pounds is inhibited. Thus, the efficacy of their introduction into the purulent 
bronchiectatic areas was open to certain theoretical questions. 

Received for publication. July 10, 1944. 
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CASK REPORTS 

James A. Downing, Dos ^foines, Iowa: Unsuspected Safety Pin Penetrating 
the Posterior Mediastinum. — Two ca.se reports of safely i)in.s perforating the 
esophagus and lodging in the posterior inodiastimnn were presented. In neither 
case could the liistory of the time of ingestion of the foreign body be obtained. 
The first infant, IS months of age, had been seen by a physician because of diffi- 
culty in breathing. A bilateral pncniothorax was found with the safety pin in tlie 
posterior mediastinum. Chest aspiration and supportive measures wore unsuccess- 
ful and the child died thirty-six hours following admission to the ho.spital. The 
second infant, 10 months of age, was also seen by a pliysician because of difficulty 
in breathing. X-raj- pictures revealed a perforation of the esophagus and tracliea 
by an open safety pin. The infant recovered following removal of the foreign 
body. These cases were presented because in neither case was the history of foreign 
bod}' elicited, the parents consulting the physician because of respiratory diffi- 
culty. 

W. Likely Simpson, Memphis, Tenn.: Mediastinal Complications Associated 
With. Esophagoscopy. — Two cases of mediastinal abscess were presented. In the 
first case an esophagoscopy was followed by a mediastinal abscess in a patient with 
a carcinoma of the esophagus. In the second case mediastinitis followed an 
esophagoscopy wlrich was done to remove a chicken bone. A mediastinotomy was 
performed for drainage of the posterior mediastinum .and the patient eventually 
recovered. 

Clyde A. Heatly, Rochester, N. Y.: Perforation of the Lower Esophagus; Re- 
covery With Chemotherapy and Gastrostomy. — In this case mediastinal and sub- 
cutaneous emphysema with pleural and pneumonic ch.anges at both lung bases fol- 
lowed an apparently uneventful esophago.scopy under general anesthesia. The pro- 
cedure was performed for dilatation of a mild cardiospasm by means of a pneu- 
matic bougie. This patient recovered. Treatment consisted of withholding all 
fluids and food by mouth, establishment and maintenance of a blood level of sulfa- 
diazine of about 22 mg. per cent six days with subsequent gradual reduction and 
witlidrawal on the twelfth postoperative day, and a gastrostomy which was con- 
tinued for about three weeks. In conjunction with the mediastinal and subcutaneous 
emphysema, the patient developed a white blood cell count of 48,000 twenty-four 
hours following the perforation. 

William A. Lell, Philadelphia, Pa.: Safety Pin in the Esophagus With Per- 
foration of the Pericardium. — Lell presented a case of a 10-month-old infant sus- 
pected of having pneumona, who was found on x-ray examination to have a safety 
pin in the lower esophagus. The cardiac shadow was markedly enlarged. Follow- 
ing removal of the safety pin, 30 c.c., and subsequently 15 c.c. more of purulent 
material were aspirated from the pericardium. Chemotherapy and transfusions 
were used. After a stormy convalescence the child made a complete recovery. 

Thomas Carmody, Denver, Colo.: Removal of Denture From Upper End of 
Esophagus. — ^A large denture with several clasps impacted in the upper esophagus 
was extracted. 

John H. Foster, Houston, Texas: Impacted Foreign Body in the Esophagus 
Requiring External Removal. — A 5-year-old boy who had swallowed a marble de- 
veloped extreme difficulty in breathing. His mother attempted to remove the for- 
eign body digitally, and this resulted in forcing the foreign body further down into 
the esophagus, from which attempts to remove it either upward or downward 
esophagoscopically were unsuccessful. An esophagotomy was necessary to extract 
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the imijactcil foieigii body. In the discus-^ion Thomas Carmody, Denver, de.'icrilieil 
a similar case in %vliic)i a radi.sli became impacted in the e.sopliagus causing a rup- 
ture of the esophagus. James B. Cassidy, 8outli Bend, Ind., de.‘;cribed a case of a 
marble in the esophagus with removal by a wire .snaie, 

H. L. Kearney, Xew Orlean.s, La.: Batal Hemorrhage Brom Perforation of 
Kight Kenal Artery by Pish Bone. — This patient, a man 45 years of ago, swal- 
lowed a fish bone twenty-four hours- prior to being admitted to the hospital. He 
complained of intense pain between the shoulder blades and had .symptoms sug- 
gestive of a mediastinitis. The esophagoscopie examination was negative. The 
pain subsided after the esophago.scopy. Two months later he was readmitted to 
the hospital because of pain in the back and the abdomen and he was found to 
be acutely ill. A laparotomy demonstrated a large retroperitoneal hemorrhage and 
at autopsy a small needlelike fi.sh bone was found in a perforation of the right 
renal arterj-. Ko perforation of the esophagus or of the remainder of the gastro- 
inte.stinal tract was found to indicate the path of the foreign body but it was felt 
probable that perforation took place in the duodenum close to the right renal artery. 

Herman J. Moersch and Stuart W. Harrington (by invitation), Rochester, 
^linn..- Benign Tumor of the Esophagus. — itfoerseh and Harrington pre.sent fifteen 
cases of benign tumors of the esophagu.s. These tumors are comparatively rare 
and are characterized by the fact that they u.=uall_v reach considerable .size 
before producing symptoms. In over 7,000 post-mortem e.xaminations forty-four 
benign tumors of the esophagus were found and in none of these cases was there 
a history of esophageal difficulty. They divide the benign tumors of the esophagu.s 
into two types: those arising from the mucosa or submucosa, often called intra- 
mural, and those arising from the outer coats of the esophagus, or e.xtramucosal 
tumors. The former arc usually more apt to give symptoms of dysphagia than the 
latter. They are found more frequently in men than in women and may be en- 
countered at any age, although they are most frequently found after the fourth 
decade. In the fifteen cases reported, the principal symptom was dysphagia and 
in several instances the history of regurgitation of the fleshy mass was obtained. 
Diagnosis is not easy and cannot always be established coirectly by roentgen ex- 
amination, since in the case of large tumors the lesion is frequently confused with 
that of cardiospasm. An esophagoscopie examination made for diagnosis is like- 
wise not infallible. The error is attributable to the fact that the mucous membrane 
covering most benign tumors of the esophagus has the same appearance as the 
esophageal muco.«a itself and is so interpreted. In their experience the leiomyoma 
is the most common type of benign tumor of the e.sophagus; lipoma, polyp, adenoma, 
hemangioma, fibroma, and fibrolipoma are the other types of tumors encountered. 
Treatment was dependent upon the size of the tumor and its location. Tumors with 
a long pedicle attached to the esophageal introitus were removed with a snare endo- 
scopically. Large tumors were removed by esophagotomj-, while small tumors pro- 
ducing few symptoms were considered not to require treatment. 

John D. Keman, Neiv York, K. Y.: Obstruction of the Bight Main Bronchus 
Due to Congenital Maldevelopment of the Pulmonary Veins in a 4-Month-Old 
Baby. — This infant had had attacks of cyanosis from birth, which increased in se- 
verit}- until continuous oxygen was necessary. Physical examination demonstrated 
a cardiac murmur over the entire chest and chest x-rays .showed a widened superior 
mediastinum. Bronclioscopic e.xaraination demonstrated compression of the right 
main bronchus. On post-mortem examination a greatly dilated right superior vena 
cava was found, with a persisting left superior vena cava which produced compres- 
sion of the right main bronchus. There were other extensive cardiovascular 
anomalies. 
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Samuel Iglauor, Ciiiciiiuati. Oliio: Spontaneous Mediastinal Emphysema. — In 
(lie fa.^o r(’]>oito<l, ii fliild ilcvoldpod /■K'pitaiit .'.ivolliiig in (Ik* neck 

which soon c.xlcndod over the fae(>, trunk, and arms. There was no history of ill- 
ness preceding the onset of the swelling e.xeept (hjit of a .slight cold. A broncho- 
.seopie, examination was done to rule out the prc.«ence of a foreign body and none 
was found. Because of increasing dyspnea, a inidline incision was made in the neck 
through the pretracheal fascia to relievo the mediastinal tension. The child was 
placed in oxygen and sulfonamide therapy was instituted. Improvement was gradual 
at first but recovery was complete by the twelfth postoperative day. Iglauor be- 
lieves that the pathogenesis of this mediastinal emphysema was directly from the 
alveoli along the sheathes of the pubnonic ve.ssels and into the mediastinum, and 
that not infrequently this results in pneumothorax. 

Arthur E. Hammond, Detroit, IMich.: Emergency Cervical Mediastinotomy in 
a Case of Massive Mediastinal and Subcutaneous Emphysema Secondary to Re- 
moval of Foreign Body From the Bronchus. — This case report is that of an IS- 
month-old infant who had choked on a piece of apple one and one-half hours prior 
to admission to the hospital. Phy.sieal examination and x-ray pictures demonstrated 
a check-valve obstruction of the left main bronchus. A 5 mm. bronchoscope was 
used and a portion of the foreign body was extracted with forceps, the remainder 
being expelled through the bronchoscope during a forced expiration. The infant 
left the operating room in good condition but twenty minutes later was in extremis 
due to massive mediastinal and subcutaneous emphysema. The emphysema ex- 
tended from the head over the entire trunk and involved all four extremities. An im- 
mediate cervical mediastinotomy resulted in a release of considerable air under 
tension and the emphysema gradually disappeared. The infant was discharged 
from the hospital on the sixteenth postoperative day. ^ 

Leighton F. Johnson, Boston, Mass.: Bilateral Pneumothorax in a Tracheot- 
omized Infant. — An 8-month-old infant who had been tracheotomized six weeks 
previously for streptococcic laryngitis at another hospital was admitted to Massa- 
chusetts Memorial Hospital for decannulization. An unsuccessful attempt to change 
the tube required an emergency reincision of the tracheostomy which was followed 
by a bilateral pneumothorax. Needles were inserted into both pleural cavities im- 
mediately, releasing COO c.c. of air and this was followed by the resumption of 
normal respiration. X-ray pictures revealed prompt re-expansion of the lung. The 
infant completely recovered and, following laryngeal dilatation, was decannulated. 

Louis H. Clerf, Philadelphia, Pa.: Tracheopathia Osteoplastica (Osteoma of 
the Trachea). — Clerf reviews the previously reported cases of bony tumors of the 
trachea and adds two cases that have come under his observation. They presented 
symptoms of hemoptysis and intermittent dyspnea. One patient had a long-standing 
history of bronchopulmonary and nasal infection whereas the only symptom in the 
second patient was that of severe recurrent hemoptyses. Bronchoscopic exam- 
ination revealed ragged nodules and flakes of bone along the tracheal surface and 
these were found to be connected with the tracheal rings. The posterior wall was 
free from nodules. Histologic examination of nodules removed with forceps dem- 
onstrated them to be composed of bone. 

Frederick T. Hill, Waterville, jMe.: Adenoma of the Bronchus, Treated by 
Coagulation. — In this case report Hill presents a patient who had been subject to 
repeated pulmonary infections, supposedly pneumonia. These were complicated by 
severe attacks of hemoptysis, and bronchoscopic e.\amination demon.strated a tumor 
of the right lower lobe which proved to be a bronchial adenoma. Therapy has 
consisted of electrocoagulation which has completely cleared the bronchus and 
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given complete relief of symptoms. In the discussion Louis Clerf, Philadelphia, men- 
tioned a patient who had had an adenoma and has now developed a nodule in the 
opposite lung, the nature of which has not yet been determined. 

Paul H. Holinger, Chicago, 111., H. James Hara, Hin.sdale, III., and Edwin E. 
Hirsch (by invitation), Chicago, 111.: Bronchogenic Carcinoma: An Analysis of 
175 Proved Cases. — A statistical analysis of etiology, .symptomatology, patholog}’, 
and means of diagnosis is made of this series of 175 proved casc.s of bronchogenic 
carcinoma. The most reliable means of establishing a tentative diagnosis was con- 
sidered to be by x-ray, while bronchoscop 3 - was found to be the most reliable means 
of e.stablishing a positive diagno.'jis. In S per cent of the ca.ses more tlian one j-ear 
elapsed between the initial sj-mptoms and bronehoscopj'. In 42 per cent six months 
to one j-ear elapsed, and in the remaining 50 per cent loss than six months elapsed. 
In 78 per cent of cases a positive bronchoscopic biopsj- was obtained. The car- 
cinoma was found on the right side in 111 of the cases and on the left in CO, while 
in 4 cases it was bilateral. In character, C4 per cent of the tumors were squamous 
cell, 17 per cent small round cell carcinomas, 13 per cent anaplastic carcinoma, and 
6 per cent adenocarcinoma. The technique of bronchoscopic biopsj- and criteria 
of operabilitj- are discussed. Therapy is considered surgical in every possible in- 
stance, but in cases unsuitable for surger}- palliative irradiation or broncho.scopicalh' 
applied radium or radon is mentioned. 

P. W. Davison, Danville, Pa.: Does Chronic Sinusitis Cause Bronchiectasis? 
Davison points out that while chronic sinusitis and bronchiectasis are often found 
in the same patient, this does not mean that one infection is the cause of the other. 
Of fiftj- patients with bronchiectasis, Davison found that 72 per cent developed 
their bronchiectasis during the first decade of life, 74 per cent of these tracing the 
onset of their chronic cough to an acute bronchopulmonaiy infection. Davison 
showed that mucosal edema of 1 mm. in a 6 mm. bronchus reduced the size of the 
lumen 42 per cent, while the same amount of edema reduced a 3 mm. bronchial 
lumen of a child to 11 per cent of its original ainvaj'. It was felt that mucosal 
edema was probablj’ the chief factor re.sponsible for the atelectasis which led to the 
development of the bronchiectasis. He attributes this mucosal edema to an allergic 
or hj-persensitive state and noted that the allergic or In-persensitive state was an 
etiologic factor of bronchiectasis in SO per cent of his series of fifty patients with 
bronchiectasis. In comparing these patients with fifD- patients with sinusitis, 
Davison notes that the patients with sinusitis and bronchiectasis are twice as numer- 
ous when an allergic factor can be demonstrated. He noted that thirtj’-three pa- 
tients who had both sinusitis and bronchiectasis weie of the allergic type, suggesting 
that excessive mucosal edema found in tliese In-perscnsitive individuals predispo.^ed 
them to the development of sinusitis as well as to development of bronchiectasis. 

Chevalier L. Jackson and Charles M. Norris (bj- invitation), Philadelphia, Pa.: 
Anatomy of the Bronchial Tree and Lungs With a Simple Nomenclature. — This 
presentation was an animated motion picture film in color correlating the endo- 
scopic landmarks of the lobar and segmental bronchi with their corresponding lobes 
and segments. The positions and relations as well as the relative size and impor- 
tance of various lobes and segments were shown, together with a diagrammatic 
representation of the endoscopic picture at various levels in the tracheobronchial 
tree. The nomenclature included terms selected on a basis of topographical rela- 
tionship and conserved the clinical names of “apical” and “basal” for segments 
of the apex and base of the lung respectivelj-. The lungs were subdivided according 
to their bronchial distribution with each lobar segmental bronchus taking the name 
of the lobe or segment to which it corresponded. In the discussion, Herman Moersch, 
Rochester, Minn., suggested the adoption of the uniform nomenclature among 
the various groups interested in this specialty. 
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Industrial Opbthalmology. By Hcdwig S. Kuliii, M.D. Ed. 1, pp. 294, with 114 

illustrations. St. Loui.s, 1944, The C. V. Mosby Company. $0.50. 

Br. Kuhn has made a splendid contril)ution to ophthalmic literature. She has 
at last given us a concise and well-illustrated monograph that can and will be ac- 
cepted as an authoritative reference book by all interested in industrial ophthal- 
mologj'. She has added dignity and meaning to the term Industrial Ophthalmologist, 
and the term Company Oculist should soon vanish. 

The chapter on Visual Testing in Industry gives a plan of placing employees 
in industry whore their visual skills indicate they should be. She describes in de- 
tail the use of the now orthorater visual screening test.s in industry. This is an in- 
strument which can bo operated by a technician, and the records kept by a punch- 
card system. This enables the ophthalmologist to pick out the employees with glaring 
visual defects without laboriously examining every employee. Other tests are dis- 
cussed and their advantages pointed out. 

The chapter on Correction of Visual Defects, as they relate to the patient’s job, 
should interest all ophthalmologists because it presents m.any practical applications 
which can be used in everyday practice as well as in industry. 

The chapter on Industrial Eye Injuries Caused by Solid Bodies was contributed 
by Dr. Albert C. Snell of Rochester, N. Y. It is full, j'et concise and to the point, 
giving many of Dr. Snell’s common sense rules for handling the various types of 
ocular injuries. To those of us who know Dr. Snell, we realize that he has no peer 
in tills field, having devoted many years of a long and useful life to this subject, 
both as a teacher and a practitioner. 

The chapter on Goggles and Eye Protection is complete and well illustrated. It 
gives a method with concrete suggestions as to how a successful goggle plan can be 
instituted and operated for the protection of eyes in large industrial plants. 

The last chapter is devoted largely to recent developments, such as “flash burns’’ 
and epidemic keratoconjunctivitis, with suggestions as to management and treat- 
ment. The section on Dlumination should be read and reread both by labor and 
management, as well as by the ophthalmologist. 

Books Received 

The receipt of books is acknowledged in this section and this treatment must be 
regarded as sufficient acknowledgement of the courtesy of the senders. Selections 
will be made for more extensive review dictated by the interests of our readers and 
as space permits. 

VASCULAR. RESPONSES IN THE EXTREMITIES OP MAN IN HEALTH 
AND DISEASE. By David I. Abramson, M.D., Captain, A. M. C., Cardiovascular 
Research, May Institute for Medical Research of the Jewish Hospital Cincinnati. 
Cloth. Price $5.00. Pp. 412, with 52 illustrations. Chicago, 1944, University of 
Chicago Press. 

TROPICAL NURSING — A HANDBOOK FOR NURSES AND OTHERS GOING 
ABROAD. By A. L. Gregg, M.A., M.D., Hospital for Tropical Diseases, London 
IVestminster Hospital Medical School. Cloth. Price $3.00. Pp. 1S5, no illu.strations. 
New York, 1944, Philosophical Library, Inc. 
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VIRUS DISEASES IN MAN, ANIMAL, AND PLANT. By 6u.«tav Seifert. 
Cloth. Price .$5.00. Pp, 332, no illustration.':. New A'ork, 3944, Philosophical 
Library, Inc. 

SMALL COMMUNITY HOSPITALS. By Henry ,T. Southrnayd, Director, 
Division of Rural Hospitals, The Commonwealth Fund, New Yoik City; Gedde.s 
Smith, Associate. Cloth. Price .$2.00. Pp. 382, with 4 illustrations. New YMrk, 
3944, Commonwealth Fund. 

PRACTICAL JIALARIA CONTROL. By Carl E, M. Gunther, M.D., Field 
Medical Officer, Australian Medical Corps. Cloth. Price .$2.50. Pp. 93, no illustra- 
tions. New Y’ork, 1944. Philosophical Library, Inc. 

SURGICAL CLINICS OF NORTH AMERICA, REPARATIVE SURGERY. By 
many contributors. Cloth. Pp. 490, with 141 illustrations. Philadelphia, 3944, lY. 
B. Saunders Company. 

THE AMERICAN ILLUSTRATED MEDICAL DICTIONARY. By IV. A. New- 
man Borland, A.M., M.D., F.A.C.S., Lieutenant-Colonel, M. R. C., U. S. Army, in 
collaboration with E. C. L. Miller, M.D.. Medical College of Virginia. Leather. 
Price .$7.00, plain: .$7.50, thumb-indexed. Pp. 1008, with SS5 illustrations. Phila- 
delphia, 1944, IV. B. Saunders Company. 

MINOR SURGERY. By various author.®. Edited by Humphry Rolleston and 
Alan Moncrieff. Cloth. Price $5.00. Pp. 374 witli .30 illustrations. New York, 3944, 
Philosophical Library. Inc. 

TECHNIQUE IN TRAUMA. By Fraser B. Gurd, M.D., C.M., and F. Douglas 
Ackroan, M.D., C. M., Montreal General Ho.spital and MacGill University. Cloth. 
Price $2.00. Pp. 08, with 3 illustrations. Philadelphia, 3944, .1. B. Lippincott 
Company. 

TREATMENT OF PEPTIC ULCER. By George J. Heuer, M.C., Professor of 
Surgery, Cornell University ^Medical College, and Surgeon-in-Chief of New York 
Hospital. Cloth. Price $3.00. Pp. 138, no illustrations. Philadelphia, 1944, 
Barbara IVhitney Henry Fund, J. B. Lippincott Company. 

DENTAL TREATMENT OF MAXILLO-FACIAL INJURIES. By W. Kelsey 
Fry, M.C., M.R.C.S., L.R.C.P., Consulting Dental Surgeon to the R. A. F., Consulting 
Dental Surgeon to Ministry of Health and to Guy’s Hospital; and others. Cloth. 
Price $6.50. Pp. 434, no illustrations. Philadelphia, 1944, J. B. Lippincott Com- 
pany. 

INFECTION.S OF THE PERITONEUM. By Bernhard Steinberg, M.D., Director 
of Toledo Hospital Institute of Medical Re.search ; Past Fellow of National Research 
Council; Former Crile Research Fellow, M'estern Re.serve University. Cloth. Pp. 
454, with 45 illustrations. New York, 1944, Paul B. Hoeber, Inc. 

INTRAVENOUS ANESTHESIA. By R. Charles Adams, M.D., C.M., M.S. 

( Anesthesiologv-y Associate in Section on Ane.sthesiology, Mayo Clinic; Instructor 
in Anesthesiology, Mayo Foundation. Cloth. Price .$12.00. Pp. 663, with 73 illus- 
trations. New York, 1944, P. B. Hoeber, Inc. 

THE NEUROSURGICAL PATIENT. By Carl W. Band, Professor of Neuro- 
logical Surgery. University of Southern California, School of kledicine, Los 
.Ingeles, Calif. Cloth. Price $4.00. Pp. .176, with 121 illustrations. Springfield, 
111., 1944. Charles C Thomas. Publi.sher. 
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THE PROGNOSIS IN ACUTE HEMATOGENOUS 
OSTEOMTELITIS WITH AND WITHOUT 
CHEMOTHERAPY 

WiLLiAJt E. Kkxney, M.D., New H.wen, Coxn. 

(From Ihe Department of Surgery, Section of Orthopedics, Tate University School of 

Medicine) 

INTRODUCTION 

D uring the course of time, progre.ss in the therapy of a disease is 
expected. Wliether improvement has in fact been made rests 
upon the comparison of the results obtained in the present with those 
of the past. 

It is reasonable to suppose that the addition of the sulfonamides to 
the treatment of acute hematogenous osteomyelitis may have altered 
certain features of this disea.se. Therefore it was deemed advisable to 
study various large series of cases reported in the literature both 
before and after the use of the sulfonamide drugs. In this manner 
a general standard for the past could be reached against which the re- 
sults of treatment with the new drugs might be compared now and in 
the future. 

Mortality is naturally of prime concern and the local result of sec- 
ondary importance. Consequently, the previous prognosis ivill be 
presented from the standpoints of mortality and of disability. An 
attempt will then be made to compare the present picture with that 
of the past, special emphasis being placed on the methods of treat- 
ment: operative, supportive, nonoperative, and chemotherapeutic. 

mortality without chemotherapy 

Without chemotherapy, the average mortality was 2.3 per cent. In 
Table I are listed the figures given by several authors for their re- 
spective series. 

Recoived for publication, April 7, 1944. 
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Table I 


AUTHORS 

XO. or CASES 

OA’EBALL AVERAGE -AIOK- 
TALITY (%) 

Pvrah and Pains-* 

2«2 

27.1 

Doran and BroAvn® 

42 

19.0 

Praserii 

5 () 

23.2 

Crossans 

121 

21.4 

Findlayio 

50 

24.0 

jMahornerJS 

112 

25.2 

Robertson23 

.S.S 7 

22.0 

Butlero 

500 

25.4 

Penbertliy and Weller=3 

67 

22.8 

Total 

1547 



Howevei’, if these cases •were divided into toxic and nontoxic, the 
average mortality for the former Avas 46 per cent. Toxic refers to 
patients ■n’ith a temperature of 10.3°F. or higher, or to those Avith a 
high number of colonies of organisms recoverable per unit of blood. 
The standard varied someAA'hat AAuth the indiAudual reporting the 
series. Table IT is illustratiA-e of the findings of a feAv authors. 


Table II 


AUTHORS 

xo. or CASES 

MORTALITY IX TOXIC 
CASES (%) 

MahornepAS 

00 


Baker2 

33 

66.6 

McCoy and Eoss^i 

10 

60.0 

Beekman and Sullivans 

• 

46.0 

Crossans 

34 

53.0 

Browns 

77 

33.6 

Total 

214 



It is to be noted that such figures approach septicemic mortality. 

Certain features became clear AA’ith reference to the time of the 
operath^e procedure. Crossan® found that if operation Avere carried 
out Avithin the first seven days of the disease, the mortality AA'as be- 
tAA^een 34 and 39 per cent. It feU to 8 per cent during the eighth to 
the tenth days and to 0 per cent on the eleA'enth to the fourteenth 
daj^s. It rose again thereafter. Wilson^' reported a mortality of 
25 per cent for those operated upon during the first seA'^en days of the 
disease, and 9.7 per cent for the group treated operatiA^ely from the 
seventh to the tAventy-eighth daj'S. Mahorner and Ci’ain^®’ pointed out 
that there Avas no mortality in their series if operation Avere performed 
Avithin forty-eight hours of the onset of symptoms. HoAvever, there Avas 
a 35 per cent mortality during the third to the seA^enth days, and 
13.3 per cent thereafter. A A'^ery significant additional observation 
Avas that there AA^ere no deaths if tlie patients had been hospitalized for 
four days before operation. This could be taken as an indication of the 
A'alue of preoperatiA'e preparation. Beekman and SulliA^an^ found a 23 
per cent mortality in a group operated upon Avithin tlie first Aveek of 
the disease and 8.9 per cent afterAvards. 
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Consequently, it beeanie clear that operation'' in the first week of the 
disease was accompanied hy a prohihitive mortality. Certainly it is 
plansihle that hefore the seventh day the infection liad not been suf- 
ficiently well localized to prevent an overwhehning seiJtieemia following 
operative disturbance, f 

CrossaiC found that operation hefore the seventh day carried a mor- 
tality of 53 per cent if the temperature were 102° F. or more. Ma- 
horner and Crain’®' ” reported a 48.6 per cent mortality for operation 
hefore the seventh day on those with a temperature of 103° F. or more. 
These figures for the so-called toxic eases approach those of septicemia 
not associated with osteomyelitis. 

On the other hand, even when the patient appeared extremely ill, 
operation after the seventh day jdelded a mortality of 25 per cent 
(Crossan,® compare with 53 ])er cent) or of 20 per cent (Mahorner,“> 
compare with 48.6 per cent). This is evidence that before the seventh 
day the infection is not localized, and that early operation, especiallj" 
upon either an unprepared or a toxic individual is dangerous. 

Analysis was then made of the type of procedure performed. Drilling 
or gutteringt the hone, whether such procedures vTjre done as early or 
as delayed operations, seems to make little or no difference to the mor- 
tality percentages. (See Table III.) The severity of the disease in the 
individual patient does however make a striking difference. (See Table 
IV.) 

Table III* 



NO. OP CASES 

MORTALITY 

(%) 

Crossans Immediate guttering 

32 

31 

Immediate drilling 

18 

33 

Delayed guttering 

15 

26 

Delayed drilling „ 

u 

28 

Total 

79 



♦Reproduced in part and with sligrht modifications by permission of the authors 
and of the Annals of Surgery. 


This leaves an average mortality of 33.6 per cent for hone operations 
on toxic patients and a figure of 2.2 per cent for the same procedures 
on nontoxic patients. 

Therefore, prior to chemotherapy, it Avas wise to delaj’- bone decom- 
pression several days. This was in order (1) to restore the fluid balance, 
.(2) to control the septicemia, (3) to alloAv granulation to wall off the 
osteomyelitic focus, and (4) to aA'oid a fatal septicemia as a result of 
operative interference. 


'Except upon those wlio had received several days of preoperative supportive 
therapy. 

tit is well realized that there may be a vast difference in time between the onset 
of symptoms and operation on the one hand, and the day of admission and oneration 
on the other hand. In some series the former is used, in others the latter and at 
times neither is given. The end results may be influenced by this time factor and 
therefore an attempt has been made in this communication to reduce all that are feaa 
iblc to tlie duration between the onset of symptoms and the operation. rea..- 

tGuttering refers to that procedure in which a large amount of cortical bone is 
removed exposing widely the medullary cavity. uone i.. 
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Table IV* 



XO. OF CASES 

3IORTAEITY 

(%) 

BroAvnS 

Toxic Coics 


. Immediate guttering 

35 

31.4 

Immediate drilling 

24 

4.1.8 

Delayed guttering 

8 

o7.5 

Delayed drilling 

10 

20.2 

Total 77 

Browns 

Kontoxic Crises 


Immediate guttering 

10 

6.2 

Immediate drilling 

9 

0.0 

DelaA-ed guttering 

o4 

2.9 

Delayed drilling 

• 0 

0.0 

Total C.5 


•Repro(3ucea in part and with siight modifications hy permission of the authors 
and of the Annals of Surcery. 


LOCAL RESULTS WTTHOUT CHEAIOTHERAPY 

'Whether early operation were necessary for the later integrity of the 
bone was, and still is seriously questioned. Unfortunately authors have 
hitherto been so coneerned with the mortality that little has been written 
comparing the functional results of early and of delayed operations. 
One of the strongest pleas for eai’ly inteiwention in ordei’ to avoid 
chronic osteomyelitis, persistent sinuses, recurrences, .shortening, de- 
formities, and limitation of motion of neighboring .ioints comes from 
^McCarroll and Key.-” In 200 cases of chronic osteomyelitis they found 
that only 9 patients had been operated fipon within one week of the on- 
set of symptoms. That most certainly indicates that the longer opera- 
tion is delayed the more .surely sequelae will occur. In a report by 
Harris.’^ of a .small number of eases, liealing took place in 13 out of 
patients surviving early* bone decompre.ssion, whereas it occurred in 
only 1 of 12 survivals when operation was delayed until after the 
seventh day. Doran and BroAvn" .stated that the majority of their pa- 
tients receiving early care recovered within an average of four months. 
In fourteen patients treated by bone decompre.ssion within a few days 
of onset of symptora.s. healing took place in an average of four mouths. 
Of twenty patients treated later than a few days after onset, healing 
took place in 14 and did not occur in 6. The aA’erage length of time 
for healing in tliese cases must haA’e been much greater since for the 
whole series of 34 eases, the average time for healing Avas 11.4 months 
(in contrast to four months for patients getting early cai’e). 

In Butler’s series.” bone decompression in 1.55 eases yielded complete 
healing in .55 per cent whereas draining of a subperiosteal abscess in 52 
eases gaA’e good results in only 41 per cent. 

Such experiences proA'e not only the Avisdom of bone decompression 
but also the desirability of sucli a procedure early in the course of the 
disease. 

•That is within seven days of onset of symptoms. 
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It is rciisonablo 1o believe lliat the longer tbe infection is allowed to 
persist in bone, the greater the destruction, the more extensive the 
proee.ss, and the poorer the end result is likely to be. TJierefore, if earlj' 
operation eonld be performed with a low mortality, one should expect 
a better prognosis for the local lesion. 

However, regardlc.ss of the time or type of operation, the overall end 
results before sulfonamide therapy, expressed approximatelj^, were as 
follows: Healing took place in .50 per cent of the cases; metastasis oc- 
curred in 33 per cent, and secpie.stration in 33 per cent. About one- 
third of the patients had either lengthening or shortening of the ex- 
tremity, limitation of motion, or ankjdosis of the neighboring joint. 

Hany reported series include patients who were treated by incision 
down to bone alone, by aspiration alone, or by no operative procedure. 
The mortality for those (toxic and nonto.xic) receiving incision alone 
without sulfonamide is 14 per cent (on the basis of 359 collected cases). 
Three hundred and nine have follow-ups which reveal that 181 (or al- 
most 60 per cent) are unsatisfactory. Some had metastases, others had 
some type of disability, or needed sequestrectomy, diaphysectomy, or 
were unhealed. Thei'e is a striking difference in the end result as far 
as the bone is concerned between incision and that of decompression. 

Patients treated with aspiration alone without chemotherapy had a 
mortality of 12 per cent. In a follow-up of 96, there Avere poor results 
in 47 or almost 50 per cent. Furthermore, of the 96 total, 41 had spon- 
taneous drainage although this was not considered per se reason enough 
to classify it as a poor outcome. The end result is far from desirable 
although the small number of eases prev^ents anj' conclusions. 

Consequently, the method most likely to offer a reasonable hope of 
avoiding disabilitj’' is that of early operation in the nature of bone de- 
compression. HoAvever desirable it may have been to use this method 
of therapy, the high mortality of early operation Avithout the sulfon- 
amide drug's preA'ented its adequate application. 

MORTALITY AVITH CHEMOTnERAPY 

When the appropriate sulfonamide Aims administered sj-stemically the 
average mortality fell from the previously found figure of 23 to 3.5 per 
cent. ,(See Table V.) 

Table V 

AVhen Sulfonamide AVas Used Sa’Ste.mically 


AUTHORS 

XO. OF CASKS 

SfORT.tLITY (%) 

Baker^ 

9 

11.0 

Penberthv and AVeller^s 

19 

0 

AA'^ilson and McKeever^o 

31 

3.2 

L’Episeopo and Hagertj-n 

27 

3.7 

Total 

86 
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Undoubtedly tin's lepresents a decided inpjrovement in prognosis, in- 
asmuch as the overall mortality fell to that of the nontoxic group 
Y'ithout chemotherapy. 

LOCAL RESULTS WITH CHEMOTHERAPY 

Although sufficient time has not elapsed since the use of sulfonamides 
to allow an adequate follow-np on a large group of cases, the following 
facts are of some significance. 

In a gi'oup of 47 patients treated by dela.ved bone decompression and 
by sulfonamide- systemieally, results in IS were unsatisfactory. 

L'Episeopo and Hagerty’" reported a series of 27 cases; in 15 patients 
aspiration was done, in 4 incision to bone only, and S were untouched. 
They were treated by rest, soaks, and ehemotherap.v, in the main. In 5 
drainage n-as spontaneously, 4 had exacerbations, and metastases oc- 
curred 4 times. Eight patients developed sequestrae, 1 had a pathologic 
fracture, and 4 had some functional impairment of adjacent joints. 
Therefore neither delayed bone decompression, simple incision, nor 
aspiration seem productive of good results even after the use of the 
sulfonamide drags. 

Bick"* concluded that the sulfonamides had not altered the general 
course of the pathologic process in bone, the rate of recurrences, or 
metastases. "Wilson and JIcKeever-® were undecided as to ■whether 
chemotherapy favorabl.v influenced the change in the bone. They 
felt that there were fewer examples of massive bone destruction, and 
that healing occurred more rapidly. According to these authors 
metastasis u'as about one-half as frequent as before the sulfonamide 
drugs. 

Cheinotherap.v, therefore, has had as its major effect the reduction 
of the mortality by controlling the primary septicemia and that fol- 
lowing operation. It has perhaps to a minor degree aided wound 
healing, and may prove in the future to haA'e reduced the incidence 
of metastasis. It has had no appreciable effect on the bone. The 
gi'eatest advantage of the sulfonamides, however, Avonld appear to be 
that now early bone decompression can be performed safely. Cer- 
tainly by the use of infusions, intraA'enous chemotherapy, and ade- 
quate sedation almost all patients can be prepared for decompression 
Avithin twelA-e hours. Under these circumstances, a Ioaa' mortality 
and a much better local prognosis can be expected. 

It -will be noted that the entity of acute hematogenous osteomjm- 
litis in infants as described b.A" Green and ShaunoA' has been omitted 
from this discussion. They haA’e iiointed out the differences in the 
disease in infants. Acute hematogenous osteomyelitis in infants is 
usually caused by streptococci. The bone is relatiA’ely soft. The 
suppuratiA’e process more readily penetrates into the soft tissue. Ab- 
sorption of the necrotic bone and reconstitution of bone are more 
easily accomplished and the infection in general is better tolerated. 
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If sucli cases are inehulod amoii|r the group occurring after infanc}' 
the general results may appear better than when staphylococcal oste- 
omyelitis is considered seimralely. Consequently, a sharp division 
must be made between these two vastly different types of the disease. 
The ]n'oee.ss behaves not unlike a soft tissue abscess and apparently 
enn be treated as such, that i.s, by .simple incision of a presenting ab- 
see.ss. It remains to be seen through future experience \whether these 
cases can be treated by drug alone and without operative intervention. 

SUMMARY 

The mortality in acute hematogenous osteomyelitis before chemo- 
therapy was 23 per cent on the average, 46 per cent in the toxic eases, 
and around 3 per cent in the nontoxic cases. After sulfonamide the 
mortality was 3.5 per cent. 

Previous to the use of the drug, earl}' bone decompression was al- 
most prohibited by the severe mortalit}'. Yet early bone decompres- 
sion yielded the best results from the standpoints of the later integrity 
of the bone and function of the limb. 

Neither incision down to bone, aspiration, or withholding operation 
either before or after the sulfonamides has given as satisfactory re- 
sults as early bone deeompi'ession. 

The new drugs, by controlling the initial septicemia and that which 
may follow operative intervention, have now allowed safe, early pro- 
cedures. 

The sulfonamide drug.s have not pi’oved of value so far as the local 
pathologic process is concerned. 

One must still depend upon operation for the best results. 

This study has been based on the reported experiences of sui’geons 
with 3,176 cases of acute hematogenous osteomyelitis. 

AcUnowledg-ement is gratefully made to Dr. Samuel C. Harvey and to Dr. Mal- 
colm S. Bveleth, Department of Surgery, Yale University School of Medicine, for 
advice in the preparation of this report. 
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EJIBOLIC OCCLUSION OP MAJOR ARTERIES 


John* T. Reyxoldp, 31. D., and Prank J. Jirka, 3I.D. 

CnrcAGO, hAj . 

(From the Dcpartmciit of Surgery, University of lUinois College of Medicine; from 
the Surgical Service of Dr. Frank J. Jirka, Cook County Hospital; and from the 
Fourth Surgical Service, St. Lukc’.’t Jlaspital) 


/ NTBODUCTION . — Paihire to countemet the ill effects of embolic 
occlusion of majoi’ arteries may result in the loss of limb. In spite 
of the fact that these embolic phenomena usually occur as a complication 
of an already serious caixliac disease, opinion today favors early opera- 
tive removal of the embolus if such a procedure is possible. Embolec- 
tomy is preferred because it may save the extremity and because the 
strain of this operation is usually le.ss than that of amputation. 
Every means must be used immediately if the emboleetomj’- is to be 
successful in preventing the loss of the involved limb. 

Source of Eviboli . — The most common causes of emboli large enough 
to embarrass the peripheral circulation are rheumatic lieart disease, 
arteriosclerotic (or hypertensive) heart disease, and the heart disease 
following occlusion of the coronary arteries. These emboli orginate 
from mural thrombi which develop within the lumen of the heart. They 
occur concomitantly with a seriouslj’- decompensated m3meardium or as 
a mural thrombosis whose nidus is laid down over rajmeardium in- 
farcted by coronary arterj”- occlusion. Emboli may form (see Case 7) 
from thrombi deposited on the intimal lesions of the great vessels. 
They may also form in arterial aneuiysms and be swept into the 
peripherJ^ “Paradoxical” emboli may occur. 

Emboli of sufficient size to occlude major arteries are rare in the 
course of bacterial endocarditis. When they occur thej>- arise from 
mural thrombi and are not valvular vegetations. Emboli from the 
valvular vegetations maj’’ indirectly lead to the formation of major 
embolic phenomena by producing pyogenic aneurj'sms which in turn 
give rise to peripheral emboli. 

Circulatory Factors . — There is no information as to the factor or 
factors which initiate the scattering of emboli from a heart which has 
been fibrillating for a long time. Frequently the phenomenon is pre- 
ceded and/or accompanied bj^ phj'.sical exhaustion (Cases 13 and 16) 


The heparin used in Case 8 was furnished by the Abbott Laboratories 
Chicago, 111. All other heparin was furnished in the form of Liquaemin bv Ho'ffmsnr, 
I^a Roche, Inc., Nutley, N. J., through the courtesy of Dr. Geza de Takats. 

The Rhythmic Compressor used at the Cook County Hospital to administer mn 
tinuous intermittent venous compression was made available to the authors hv the 
courtesy of the Burdick Corporation, 737 North Michigan Avenue, Chicago, Ilf 

Enlarged from a report delivered at a meeting of the Societv of TTniversifr «..r 
geons, Nashville. Tenn.. Feb. 12, 10«. ouc.tc} oi uni\ersitj Sur- 

Received for publication. May 20, 1944. 
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and/or infection (Case 13). The histories of these patients usually 
reveal a recent and severe change in some feature of the cardiac 
mechanism, 

IMany patients vdth severe myocardial decompensation are under 
hospital care at the time the peripheral emboli occur. Hepealedly the 
occurrence of emboli has been noted to 'occur concomitantly vith a 
change of digitalis dosage. The.se patients often have been given in- 
ten.sive digitalis therapy in an attempt to bring about circulatory 
efSciency as rapidly as pos.sible (Cases 11 and 13). There is frecpient 
evidence of digitalis overdosage occurring prior to or synchronously 
vith the development of an embolus (Cases 13 and 14). Some patients 
■without decompensation may have had . the digitalis dosage increased 
or they may have taken the drug voluntarily (Cases 2 and 6). This 
clinical observation of the tendency of digitalis to encourage throm- 
bosis is supported by the recent experiments of de'Takat.s, Trumpp, and 
Gilbert. 

Patients ■\\’ith coronary artery occlusions may develop peripheral 
emboli without digitalis therapy. In this group the coronaiy disease 
itself has caused circulatory and contractile anomalies which are suf- 
ficient to give rise to emboli. Unrecognized coronary attacks may occur. 
In such cases diagnosis of disease other than cardiac may have allowed 
the patient to become falsely secure and his failure to rest may so tax 
the diseased mjmeardiuin that an embolus develops. There seems to 
be a tendency for such emboli to occur on or about the tenth day 
folio-wing coronary artery occlusion (Cases 3 and 8). 

Nature of the Einholits . — The phy.sical properties of the emboli are 
important for the final outcome of the disease. 'When small emboli 
are discharged, they usually lodge in small peripheral arteries, gh’e 
rise to few .symptoms, and may even remain undiagnosed. If they are 
followed by a large embolus, the peripheral gangrene which follows 
develops partly as a result of the large embolus and partly as a result 
of the smaller emboli. 

Emboli are prone to lodge where the arterial lumen becomes smaller, 
that is, just above or at points of bifurcation. If the embolus is of 
such a nature that it does not further fragment, it remains at the point 
of impaction and gradually assumes tlie contour of the surrounding 
vessel. These emboli niaj^ be easilj* and completely removed (Pig. 1). 
However, if the embolus is forced into both branches of the bifurcating 
vessel so that it assiunes a Y-like contour (Fig. 1), its removal is difficult 
oven though the clot is compact and can be liandled without fragmenta- 
tion. It should be emphasized that complete removal of the clot in such 
eases is very important in order to a.ssure every possible opportunity for 
collateral circulation to occur. 
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When the orifxinal oinholns is friable, it frequently breaks np with 
liberation of nninei’ons smaller emboli into the periphery. Gangrene is 
more frequently observed with multiple omlioli tlian Avith a single 
embolus. 

The PJnjsiologic lisped. <t of Emholic Occlusion. — ^^Vhen an embolus 
lodges in an artery, the rcsidtant pain is not due to stimulus to the 
intima. The pain usually does not occur simultaneously Avith the occlu- 
sion but develops some minutes later, usually folloAving a period of 
pare.sthesia associated Avith a sense of cold in the affected area. Pain 
'is.jn'cscnt only Avhen the occluded artery nouri.shes a predominantly 
tmuscular area and it is felt in this region. LcAvis has suggested that 
dh'c accumulation of muscular metabolites in the isehemic extremitA’ is 

- V * 

responsible for this pain. 



Fig. 1 (Case IG). — ^The smaller embolus on the left was removed from the right 
femoral artery. The folded clot on tlie left was extracted from the level of the bifur- 
cation of the left iliac artery and had to be forcefully removed to allow the portion 
of the clot which blocked the external iliac to be freed. 

The artery immediately peripheral to the occlusion is ahvays in 
spasm by the time direct obsei’A'ation of the vessel is possible. Such 
a spasm may be considered beneficial when, for instance, an embolus 
lodges at the femoral bifurcation and is thereby prevented from migrat- 
ing to the popliteal region. The spasm together Avith the occlusion 
of the major arterial trunk results in marked ischemia at the periphery. 
The only blood supply to the occluded areas comes by collateral routes 
or by oozing around the embolus. Under such circumstances blood is 
rapidly carried aAvay by the open venous channels, causing a serious 
blood Avant. The circulation is drastically sloAved and the eonsti-icted 
vessels are filled Avith a column of blood at low pressure, which probably 
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is also exposed to increased amounts of tliromboplastic material. This 
column of blood distal to the embolus is likely to clot, thus producing 
a thrombosis into the periphery from the original embolus. Under these 
circumstances the column of clotted blood distal to the embolus is called 
a tail thrombus. This clotted blood is limited to the lumen of the large 
artery just distal to the embolic occlusion. It may be extracted at the 
time of embolectomy if it has not extended into so many branches that 
it is thereby fixed in place or if it lias not become so large that it has 
become adhei’ent to the wall of the arterj' (Figs. 2. .3, and 4). Later 



Fig. 2 (Case 6). — ^Embolus and tail thrombus removed. Xote the length of the tail 
thrombus which, howe\ er, had not yet filled the arterial lumen. 



Pig. 3 (Case 20).— Embolus, with tail thrombus. Xote the greater diameter of the 
tail thrombus a« compared with that in Cases 16 ana 6- 


) 



Fig. 4 (Case 19).— Xote that the tail thrombus is about as large as the arterial 
lumen (as judged by the diameter of the original embolus at the right). Although the 
hmb from which this thrombus was removed recovered. It is probable that if em- 
bolectomy had been delayed the entire arterial tree W’ould ultimately have been plugged. 

this process extending into the finer vessels may prevent any effective 
quantity of blood from reaching the peripherj'. "When this has oc- 
curred, attempts to restore the circulation are obviously in vain 
and it is to the prevention of this phase of the process that therapeutic 
efforts are directed. 

Clinical Picture . — ^The patient with a t3'pieal arterial embolus presents 
the initial sj-mptom of paresthesia distributed in the area below the 
arterial occlusion, followed by a sense of cold and finally rapidly 
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developing pain distal 1o tlie occlusion and referred to the muscle area 
nourished by the vessel. This pain, which may be agonizing, is constant 
and is relieved by narcotics .{occasionally by 100 per cent O 2 , Ehoades). 
It is characteristically more severe when a large amount of muscle 
tissue is rendered ischemic, as occurs when a leg is involved, and less 
so when a smaller amount of muscle is involved, as in the arm. The 
pare.sthesia and sen.se of cold do not usually cause the patient to com- 
plain since they arc rapidl.v succeeded by pain of such a degree that 
the patient seeks help. Pallor and a loss of peripheral motor power 
occur rapidly. This clinical picture is usually apparent within one- 
half an hour. 



me. 5 (Case 0). — Photograph taken one hour after embolectomy of the right femoral 
artery. The pallor of this leg is still visible although less than it was preoperatively. 
The pallor is in contrast to the mottled appearance of the left leg which developed 
an embolus twenty-four hours previously. Neither of these limbs can be judged as 
beyond recovery by the appearance. 

It should be emphasized that pain is not present over the embolus 
during the early stages of the process (Case 22). An embolus becomes 
tender only after arterial inflammation occurs about it. Although the 
length of time required for this to develop varies, it usually does not 
develop for several days. 

AVhen emboli move from one position to another, there is a change 
in the clinical picture, and pulses, previously closed, may be found to 
be open. Occasionally reflex arterial spasm may simulate embolic 
occlusion. This is usually recognizable when an artery previously not 
pulsating is found to be actively pulsating. Sometimes small peripheral 
emboli initiate immediate mass vasospastic phenomena which disappear 
spontaneously. Patients are seen in Avhom both femoral arteries are 
pulseless and the legs cold and useless ; within a short time there may 
be complete regi-ession of symptoms with no residual signs. On such an 
occasion the lack of pulsation originalh' noted must be interpreted as 
being due to spasm, since it is difficult to visualize an embolus large 
enough to occlude the aorta which would pass into the peripheral cir- 
culation without occlusing a major vessel. 
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It maj^ be necessary occasionally to differentiate" between aiderial 
embolus and a spontaneous arterial thrombosis. In the latter, the 
presence of long-.standing arterial disease (intermittent claudication 
syndrome) may indicate the nature of the lesion. There also may he 
a que.stion of differential diagnosis Avhen acute thrombophlebitis of the 
femoral or iliac vein occurs Avith great rapidity. Unless there is a 
pronounced associated arterial spasm, this is not difficult. 

Theraprj . — ^When the diagnosis of arterial occlusion by embolus is 
made, the immediate and most important therapeutic objective is to 
restore the circulation. This is best done by preventing a thrombosis 
from occurring within the arterial system distal to the embolus until 
the remoA^al of the embolus can be canned out. which should be^done 
as rapidly as possible. Since occlusion of the terminal arteries and 
arterioles by thi'ombosis peripheral to the embolus may render all sub- 
sequent therapeutic efforts futile, heparin should be administered at 
once to arrest progressive arterial thrombosis. Operative intervention 
must then be considered. 

A'liticoagulants: In the last six patients of our series, heparin has 
been given preoperatively. In two of these, a tail thrombus Avas found. 
The remoA'al of clots from the iliac bifurcation in these patients re- 
quired that the vessel be open and subject to manipulation for about 
tAventy minutes. At no time did thrombosis occur at the operative 
site in contrast to previous operations in Avhieh heparin had not been 
used. Contrarj' to AA'hat might be expected, the use of heparin Avas 
not associated AAuth troublesome bleeding from capillary ooze. Small 
A^essels were secured Avith ligatures and the incision in the arterial Avail 
stopped bleeding Avith promptness Avhen sutured. 

Belaxation of Arterial Spasm: The relief of the arterial spasm 
that accompanies embolism has been the object of a A'ariety of thera- 
peutic procedures. It has become routine to give antispasmoties as 
soon as diagnosis is made, and papaA'erine maj'^ Avell be given at the same 
time as is the heparin. PapaA^erine does not produce as profound a 
release of spasm as does sympathetic block. Relief of the arterial spasm 
has plaj^ed an important part in the therapy because the spasm has been 
considered to be undesirable. It is our opinion that the release of 
arterial spasm by sympathetic block may alloAV the embolus to pass 
from a major artery where surgical intervention is practicable into a 
peripheral artery or arteries Avhere remoA'al is no longer possible. This 
occurred in one patient (Case 9) in AA'hom the spasm Avas appareirtly 
released by the spinal anesthetic irsed. The original occlusion was 
present three inches below the inguinal ligament. After the anesthetic 
Avas effectiv'e, exposure of the artery at that point sboAved it to be patent 
and pulsating. An embolus bad undoubtedly moved iirto the popliteal 
region since the patient required an amputation for the gangi'ene of 
the foot which folloAved. Had this embolus been remoA^ed while in the 
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femoral artery, lier recovery miirlit liave eveiituafcd. In anotlier patient 
(Case ]:!) the eniholns ileseendetl from tlie aortic bifurcation to tlie 
femoral and iliac arteries after sympatlictie block. Fortunately the 
embolus did not continue into the popliteal rejrion. 

Tt is our opinion that sympathetic block should not be done pre- 
operatively in embolic occlusions of the aorta or iliac or femoral arteries, 
where direct or indirect access to the occlusion is relatively easy. For 
the same reason spinal anesthesia sliouhl not be used. Althoup:h sym- 
pathetic block has reportedly friven considerable I’elief of pain, the risk 
of loss of the embolus makes preojicrative administration of narcotics a 
v.'i.se method of securin<r anal<resia. 

Removal of Embolua . — There are two major contraindications to early 
embolectomy. The fir.st is related to the physical condition of the patient. 
For instance, a major ojici-ation such as the abdominal approach to the 
aorta or iliac vessels may be .so formidable that it is lursafc. The use of a 
general anesthetic may impose lot) great a risk on the patient (Case 4) . A 
position on the table which entails considerable effort in breathing, such 
as the prone position required for ])opliteal exploration, may be more 
than the patient with cardiac embarrassment can tolerate. Occasionally 
even the mani]3ulatiou required to administer a .sympathetic block will 
be exco-ssive, as in Case 3. In the.se ca.scs only such therapy as will 
not tax the physical reserves of the patient may be used. Fortunateljq 
however, patients arc rarely too ill to tolerate the simple approach to 
the femoral artery and frequently through this approach iliac and 
aortic occlusions may be reached and relieved. 

The second contraindication to early emboleetomj^ obtains when the 
arteries occluded are so small that closure of an arteriotomy wound 
would obliterate their lumina. Such arteries usuallj’ supply fields with 
rich collateral. Hence embolectomy of the tibial, radial, and ulnar 
arteries is unnecessary. Because of the rich anastomosis about the 
shoulder, embolectomy of the axillary and brachial arteries should be 
considered only after heparin and sympathetic block have proved 
inadequate as measured by ability to use the muscles of the forearm. 
When popliteal emboli occur, if they have not resulted in the loss of 
motor function of the calf muscles, the outcome is likefy to be good. 
Central thrombosis in the artery may extend high enough to obliterate 
the collaterals which are supplying the calf. This oceui’red in two 
patients (Cases 14 and 23). For this I’eason heparin must be given 
when nonoperative measures are used as well as an adjunct to em- 
bolectomy. 

After the diagnosis is established, heparin should be given and em- 
bolectomy should be performed as quickly as possible. It usually re- 
quires from two to three hour’s to corroborate the diagnosis and pre- 
pai’e for operation. Embolectomy after longer periods may be suc- 
cessful. In one patient (Case 1) the operation was performed twenty- 
seven hours after an embolus had lodged in a severely arteriosclerotic 
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It maj'- be necessary occasionally to differentiate‘" between arterial 
embolus and a spontaneous arterial thrombosis. In the latter, the 
presence of long-standing arterial disease (intermittent claudication 
syndrome) may indicate the nature of the lesion. There also may be 
a question of differential diagnosis when acute thrombopldebitis of the 
femoral or iliac vein occurs with great rapidity. Unless there is a 
pi'onounced associated aiderial .spasm, this is not difficult. 

Therapy . — ^^\^len the diagnosis of arterial occlusion by embolus is 
made, the immediate and mo.st important therapeutic objective is to 
restore the circulation. This is be.st done by preventing a thrombosis 
from occurring within the arterial system distal to the embolus until 
the removal of the embolus can be carried out, which should be^done 
as rapidly as i30.ssible. Since occlusion of the terminal arteries ‘aiid 
arterioles by thrombosis peripheral to the embolus may render all sub- 
sequent therapeutic efforts futile, heparin should be administered at 
once to arrest progressive arterial thrombosis. Operative intervention 
must then be considered. 

Aniicoagulanis: In the last six patients of our series, heparin has 
been given preoperatively. In two of these, a tail thrombus was found. 
The removal of clots from the iliae bifui’cation in these patients re- 
quired that the vessel be open and .subject to manipulation for aboxit 
twentj^ minutes. At no time did thrombosis occur at the operative 
site in contrast to previous operations in which heparin had not been 
used. Contrary to what might be expecled, the use of heparin was 
not associated mth troublesome bleeding from capillary ooze. Small 
vessels were secured with ligatures and the incision in the arterial wall 
stopped bleeding with promptness when sutured. 

Relaxation of Arterial Spasm: The relief of the arterial spasm 
that accompanies embolism has been the object of a variety of thera- 
peutic procedures. It has become routine to give antispasmotics as 
soon as diagnosis is made, and papaveinne may well be given at the same 
time as is the heparin. Papavei-ine does not produce as profound a 
release of spasm as does sympathetic block. Relief of the arterial spasm 
has played an important part in the therapy because the spasm has been 
considered to be undesirable. It is our opinion that the release of 
arterial spasm b.y syrapatlietic block may allow the embolus to pass 
from a major artery whei'e surgical intervention is practicable into a 
pei'ipheral arteiy or arteries where removal is no longer possible. This 
occurred in one patient (Case 9) in whom the spasm was appai’ently 
released by the spinal anesthetic used. The original occlusion was 
present three inches below the inguinal ligament. After the anesthetic 
was effective, exposure of the arteiy at that point showed it to be patent 
and pulsating. An embolus had undoubtedly moved into the popliteal 
region since the patient required an amputation for the gangrene of 
the foot which followed. Had this embolus been removed while in the 
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molU, no pulse is I'clt at the liijmucnt or below. When tlie embolus has 
lodged at the bifurcation of (he femoral artery, the pulsation of the com- 
mon femoral may be ]ialpatcd even Ihroush the adipose ti.ssue of obese 
patients. Below li\is level oscillomet ric readings readily locale the site 
of the occlusion. There is a characteri.slic exa^freralion of oscillations 
just above the site of occlusion (Pifr. 9). 

After administration of hepaiin, the incision is best made parallel to 
(he artery, and the abdomen is left exj)osed for extension. Provisional 
ligatures are placed ai)out (he arlei’y above and below the site of arteri- 
otomy. The incision should })referably be made below the largest part 
of the distended artery, .so that the blood pie.ssure may force the embolus 
out of the incision. The disadvantage to an inci.sion so placed is that 
the lower end of the incision may be over the part of the artery already 
narrowed by the origin of the i)rofunda. The advantage lies in making 



Fig-. S (Case 13). — The right leg is beyond recovery. Xote tlie drj’ gangrene of tlie 
toes and the patchy appearance of the anterior portion of tlie leg. This difference in 
viability of the leg is sometimes veiY distinct if one of the tibial arteries is closed and 
the otiier is open. 

the incision into unaltered arterial wall. An incision so placed allows 
the removal of the tail thrombus, to be accomplished before removal of 
the main embolus. Removal of the tail thrombus would be difficult in 
the pre.seuce of a partially restored circulation. When the occlusion is 
above the level of the femoral bifurcation, tlie preferred site for arteri- 
otomy is the common femoral artery at its broadest point, above the 
bifurcation, because closure of the arteriotomy will cause least narrowing 
of the lumen. Both provisional ligatures are then above the site of the 
major branches. Retrograde bleeding is thus more easily controlled. 
The distal artery is also kept closed to prevent fragments of emboli from 
liassing down into the terminal branches. 

If no blood flows from above wlien the artery is opened, it is assumed 
that the occlusion is below the iliac bifurcation. When a slow pulseless 
stream is seen, it may be due to retrograde bleeding by -way of the iliac 
or epigastric arteries or to incomplete occlusion of the arteiy by the 
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embolus. In our experience the removal of the embolus from the region 
above the incision has not been easy. In one patient (Case 2), operated 
upon by Dr. de Takats, the fii-st embolus in the left iliac artery was 
brought down by retroperitoneal arterial ma.ssage. In another (Case 
11) the' lowermost portion of the cmbohis was seen at the inguinal liga- 
ment and was grasiied with gallstone forceps and exti-acted. The same 
procedure was used in Case 10. In Case 4 an actual incision into the 
iliac artery was used; the cmbohis was not obtained through the original 
inci.sion and another higher incision was necessary. Subsequent experi- 
ence would probably allow such an embolus to be lemoved through one 
incision, and that in the femoral artery. In Case 13 the right iliac was 
occluded at the level of the bifurcation; probing, passage of catheters 
(with and without suction), and milking failed to di.slodge the embolus. 
The artery was in great spasm several times during the attempted em- 
bolectomy. This spasm was so great that it was hoped that the diagnosis 
had been wrong and that arterial spasm was the underlj-ing pathologic 
change. However, there was no relief of circulatory obstruction by 
.sympathetic block, and the leg became gangrenous. A patient (Case 16) 
whose left iliac was occluded in practically the same way was satisfac- 
torily freed of the embolus when a gallstone probe Avas passed above the 
embolus, turned, and pulled down. The same procedure was used on tAvo 
other patients (Cases 19 and 20). This maneuver apparently AA^as suc- 
cessful because Avhen the blunt end of the scoop Avhich had been passed 
above the embolus Avas turned and removed, it engaged the embolus and 
pulled it out of the internal iliac Avhere it Avas tightly Avedged. The end 
of the scoop must not engage the arterial Avail at the point of bifurcation 
Avhen the clot is pulled out (Pig. 10). The same precaution applies to 
the use of any rigid probe Avith a knobby end. The possibility of push- 
ing an embolus up to a bifurcation Avith resultant embolization of the 
other artery should not be forgotten. 

In our experience the use of suction has not been successful, since it is 
Impossible to apply the suction force directly to the embolus. Although 
Ave have had no experience Avith embolectomy on aortic occlusion, Ave 
would assume a similar difficulty. 

Direct exposure of the iliac vessels Avith general anesthesia may pro- 
vide satisfactory exposure. One patient (Case 4) Avas treated satisfac- 
torily by embolectomy through an incision directly into the iliac vessel. 
HoAvever, this required a general anesthetic, and the death from “cardiac 
collapse ’ ’ may have been influenced by such a major procedure. Subse- 
quent iliac embolectomies have been successful using the femoral arteiw. 

Free massive pulsating hemorrhage should be obtained before closure 
of the Avound. 

The suture material should be fine and nonabsorbable. Silk or cotton, 
preferably AAuxed to prevent cutting, has been used in the patients re- 
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ported iiere. Several autopsy specimens Jiave revealed patent arteries at 
the site of incision. 

The question of vein ligation at the time of emboleetomy is a contro- 
versial subject. In the present series of eases concomitant vein ligation 
was performed nine times. Li one patient (Case 11) marked redness 
and cyanosis of the leg oceuri'ed in the immediate postoperative period, 
but since the patient died in five days from the cardiac condition, it was 
impos-sible to correlate the vein ligation, the color of the leg, and the 



\ 
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Gall bladder 


Fig. 10. — Illustration to emphasize the maneuver used to extract a clot from an 
arterj' where the clot lias become wedged into the bifurcation and where the arterl- 
otomy has been done below the level of the clot. Note that the end of the probe must 
be aboi’e the clot before it is turned and pulled down. Note also that the probe must 
be turned away from the direction of the major proximal branch. 


final result to the limb. In seven of these patients the limb showed ap- 
parent total recovery as far as circulation was concerned, although six 
died in the immediate postoperative period, Onlj”- three required am- 
putation and one of these developed inadequate circulation onlj^ veiy 
slowly after emboleetomy (from seven to ten days). In tlie patient re- 
ported in Case 16, one vein was ligated and the otlier left unligated. 
After thirty-six hours, when she died from cardiac failiiz-e, both legs were 
equally warm and total recoveiy had apparentlj" occurred. Thrombosis 
central to the ligated vein has not been seen. In our most recent easas 
vein ligation has been used only if there was serious doubt as to the 
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effectiveness of the arterial embolectoniy. If the toes were not warm 
and the pulse had not returned and the patient still had considerable 
pain in the leg. the vein was ligated. This pj-ocedure follows the prac- 
tice of Dr. Barney Brooks. 

At the end of the operation the coagulation time should be determined 
and enough heparin given to bring it up to fifteen minutes, and heparin 
.should be continued in dosages sufficient to maintain that coagulation 
time. Fifty milligrams of heparin every four hours have been found 
adequate to keep this level, although larger quantities may often be 
required. Smaller dosages have failed. The antagonistic action of 
digitalis to the heparin effect may require adjustment of heparin dosage. 

We have recently used dicumarol to supplement and supplant heparin 
because of the large amounts of heparin needed to maintain proper 
coagulation time. Dieumai’ol dosage has been as follows: -300 mg. the 
first day. 200 mg. the second day, and 100 mg. on the succeeding days. 
By the fourth day the dicumarol may take ovei' for the lieparin. Its 
effectiveness should be cheeked with daily prothrombin time determina- 
tions. The prothrombin time .should not be prolonged to the point where 
spmrtaneous hemorrhages are likely to occur. 

Sympathetic nerve block may be done Just before the patient leaves 
the table. It should be repeated daily. Papaverine should be continued. 

Intermittent Venous Compression . — Intermittent venous compression 
may be obtained manually or bs”- mechanical means. In Avhatever way it 
is applied, the aim of the therapy is to restrict the venous return from 
an extremity rvithout obstructing arterial inflow. This vdll allow an 
accumulation of blood Avhieh will fill the vascular network of the ex- 
tremity. This is secured by apphung a blood pressure cuff and inflating 
the cuff to a reading of from 50 to 70 mm. of mei’euiy and maintaining 
that pressure long enough to fill the cutaneous veins. If no veins are 
visible, the development of a cutaneous flush may be used as indicating 
a satisfactory filling of the smaller vessels. The pressure may be left off 
long enough to allow emptying of the vessels. In each case the method 
and use of intermittent venous compression must be modified. There are 
mechanical devices which vill a])i)ly the pressure as long as desired and 
at as higli a pressure as wished. 

When the ])atient is hack in bed, intermittent venous compression 
sliould be instituted and it should be used continuously. We regard this 
treatment to be of great importance. In a patient (Case 1) whose 
sclerotic artery was opened for embolectoniy twenty-seven hours after 
occlusion it was used continuously. He received no heparin, and his leg 
returned to normal. In another patient (Case 5) the intermittent 
venous compression was done by hand. The satisfactory appearance of 
the patient s limb la.sted for seven days, ndth no heparin. At that time 
Irealment was discontinued and by the tenth day the leg was gangi-enous. 

We liave reserved the use of refrigeration for tliose e.\-tremities which 
were umiueslionably beyond tiierapy, because we feared the po.ssible 
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development of an “immersion limb” as a result of this treatment. Its 
recent effect on two patients (Cases 12 and 13) has been so encouraging 
that in the future its use may well be extended. 

Complications . — Four patients in this series developed significant 
phlebitis. The first patient (Case 7), who was convalescing after suc- 
cessful removal of an axillary embolus, developed a phlebitis of the left 
femoral vein which gave I'ise to a fatal pulmonary embolus. The second 
patient (Case 15), who was not operated upon for a popliteal embolus, 
developed a phlebitis three days after the localization of the arterial 
embolus. A ligation of the superficial femoral vein was done. The third 
(Case 12) required amputation for gangrene following embolic occlusion 
of the iliac artery. The common femoral vein was so occluded by throm- 
bosis that a pi'ophylactic ligation was impossible. A fourth patient 
(Case 5) developed a small pulmonaiy infarct on the day her leg was 
amputated but recovered satisfactorily. Prophylactic ligation was not 
done. 

Duration of Treatment . — The treatment may be discontinued after 
a week or ten days when it is apparent that the peripheral pulse has 
been restored. When this has not occurred or rvhen operation has not 
been undertaken, the cessation of treatment should be done gradually. 
The sympathetic block may be dispensed with after a week. Intermit- 
tent venous compression may then be given less intensively. The anti- 
coagulant should be continued the longest. Two or tliree weeks should 
be a minimum time. 

Analysis of Results . — The tables pre.senting our results in the treat- 
ment of twenty-four patients with embolic occlusion of major arteries 
are self-explanatory. 


DISCUSSION 

Antispasmotics . — In major occlusions of the lower extremities, Atlas 
and others^®’ have recommended observation of the effect of anti- 
spasmotie therapy in the form of papaverine and/or sympathetic 
block before operation. This recommendation is based upon the pos- 
sibility that a minor embolus may initiate mass reflex arteriospastic 
phenomena and that the femoral arteries possibly closed by such spasm 
may resume pulsation under the influence of the antispasmotics. How- 
ever, we have not seen such an occurrence. We believe that little 
harm can be done in exposing a nonpulsating contracted empty fem- 
oral artery, whereas the danger of passage of an embolus into the 
relatively inaccessible periphery is excessive and has occurred in our 
experience (Cases 9 and 13). In addition, delay adds to the likeli- 
hood of thrombosis in the artery peripheral as well as central to the 
embolus. We agree with those®- ” who feel that conservative treat- 
ment is to be used only until the patient can be taken to the operating 
room. Roome’s report of failure with sympathetic block emphasizes 
that it should be used only as an adjunct to other forms of therapy. 
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Tabw: I 

Kksults to C1RCU1.AT10K IN Limbs Subjected au Emboeectomies 


CASE 

4 

5 

6 
10 
16* 
18 

19 

20 

1 

2 < 

7 

24 

IS 


RESULT ; 

Circulation restored — ^patients died of cardiac disease in less 
than six days after removal of embolus 

J 


l-Circulntion restored [lermanently but patients died later 


Kmbolus not obtained 


9 Embolus moved 


H Result uncertai n 

•Two separate emboli removed from different arteries during the same operation, 
tThreo separate emboli removed at different time.s — one elglit months, one four 
month.s, and one six days before deatli. 


Tlip ease against the use of aiitiKpasiiioties has l)eeii aptly expeessed 
by Gi'iffiths who says . if an einbohis could he made to move from 
a critical position, there is no ivay of guaranteeing' that it' will move 
into a safer one.” Pratt quote.s Lund. McKettrick. and Allen as be- 
lieving that the artoriospasm jn'cvents tlie formation of a tail thrombus. 
However, this opinion is not supported in our experience because in 
one patient tCase 6) a long tail thrombus was found. 


Tahi,e 11 

KeliViton.ship of the Ti.me Interval Between Develoi’mf.nt of Embolus and 

Its Removal 

(Eighteen ATTEiiPTED EiiBOLECTOiiiES Carried Out on Fiiteen Patients; 
Fifteen Successful Embolectomies Obtained in Thirteen Patients) 


CASE 

TIME INTERVAL 
(HR.) 


RESULT TO LIMB 

20 

2 


Good 

18 

S 


Good 

16 

4 


Good 

10 

4 


Good 

2 

.6 


Good 

19 

SV2 


Good 

2 

6 


Good 

0 

6 


Good 

7 

S 


Good 

5 

9 


Good (with help)' 

4 

30 


Good 

24 

18 


Good 

11 

20 


Uncertain 

10 

23 


Failure 

1 

27 


Good 


•It ■n’ili be seen that of the fifteen limbs subjected to embolectomy. ten were oper- 
ated upon before eiglit hours; all had satisfactorj^ results. After eight hours the 
results were variable, but one man (Case 1 ) recovered when the embolectomy was 
performed twenty-seven hours after the occlusion. 
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Table III 


Kelationshu* of Location of Embolus to Eehults of Therapy 


location 

nojiber of 
cases 

results 

Aortic 

4 

All shifted to lower location 

Tlinc 

S 

7 oiierated upon: 

4, immediate restoration of circulation ; 

all died of cardiac disease 

1, permanent cure (died of recunonl 
embolus eight, months later) 

1, failed to obtain embolus; amputation 

1, questionable result; died before cir- 
eulafion definite 

1 not subjected to operation: amputation 

Fenioriil 

12 

10 operated upon: 

5, temporary good results 
;!, permanent good lesults 

2, failure.s (embolus moved; no restora- 
tion of circulation) 

2 not operated upon ; amputations ; 1 died 

Popliteal 

C 

(> not operated upon; 

2, amputations 

4, recovered 

Axillary 

0 

1 operated upon; recovered 

1 not operated upon; recovered 


Table IV 


Relationship of Cardiac Disease to Emboli and Outcome 


NATURE OF CARDIAC LESION 

number of emboli 

DEATHS 

Arteriosclerotic (hj^iertension) 

12 

4 

Rheumatic 

5 

3 

Coronary 

2 

1 

Thyi'otoxie myocardial degeneration 

1 

1 

Aortic plaque 

1 

1 

Syphilitic 

1 

1 

Undetermined 

0 

O 


Table Y 

Results in Patients Whose Limbs Were Not Subjected to Embolectomy 


CASE 

LOCATION OP EMBOLUS 

RESULT 

3 

Popliteal 

Recovered 

8 

Femoral 

Amputation 

12 

Iliac 

Amputation 

14 

Popliteal 

Amputation 

15 

Popliteal 

Recovered 

17 

Popliteal 

Recovered 

21 

Popliteal 

Recovered 

23 

Popliteal 

Amputation 

22 

Axillary 

Recovered 


rsoTiL. — Aunougn none 01 tne patients who were not operated upon 
thnt most of these occlusions occurred hi the more peripheral arteries. 


is seen 
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series, only two i)atients (Cases 5 and 9) died in tin; immediate post- 
operative period and in neitlier was the circulation considered to be 
adefjuate. We do not know the significance of this observation. 

General Mortuliiy . — Altliougli our mortality is high, the mortality is 
high in other reported series. We do not often see the patients witli 
arm and popliteal emboli because of our known belief that most of the.se 
do not require surgical intervention. By excluding this kind of case, 
our .series includes a larger proportion of embolic occlusion of the largei- 
arteries of the lower extremity. This may eojitribute some to the rela- 
tively high mortality in our series. 

McClure and Harkins rejmrt ten case.s, nine involving the lower ex- 
tremity; one each of pojiliteal, femoral, and iliac occlusion were treated 
successfully; two patients of this group died within a year of other 
emboli. Four succe.ssful cases were repoifed by Lessor without mention 
of other cases seen or operated ui)on. Linton reported two successful 
ca.se.s, o 2 ie of an axillary embolism; two others in which amputation was 
required, and one successful aortic case treated with intermittent venous 
compre.s.sion. He does not state what proportion of his total experience 
with emboli these rej)orted cases represent. Dickson reported six oper- 
ations for embolectomy (performed upon five patients). Five of the 
six limbs required amijutation, and one patient I’ecovered. Heparin, 
intermittent venous compression, and antispasmotics were not employed 
as a part of the therapy. No mention was made of patients not sub- 
.lected to oiieration. In Pear.se 's six ca.scs publi.shed in 1933 heparin 
was not administered, and intermittent venous compression was not 
u.sed. Two patients with femoral and popliteal emboli, respectively, 
required amj)utalion: one with aortic ajid one with brachial occlusion 
died, and one with brachial, one with femoral, and one with posterior 
tibial occlusion were successfully treated. These patients were able to 
leave the hospital with useful extremities. In Lund’s large series of 
cases an improvement in the rate of .survival of limbs was seen on 
comparing the more recent to the older cases and anticoagulants were 
not used. 

In only tw (2 of our own patients (Cases 19 and 24) was the death 
definitely cardiac, that is, .sudden and without warning. 

srjfjrABv 

Heparin should be administered as soon as tlie diagnosis of arterial 
embolus is made. This is done in order to prevent a thrombosis of the 
blood di.sta] or central to the embolus, which, should it occur, would 
make all attempts to restore blood flow futile. 

Sympathetic block should not be used in aortic, iliac, or femoral 
embolic occlusion until the operation has been done, because the re- 
sultant vasodilatation inaj’ allow the clot to progress and escape into 
vessels from which it can no longer be removed with ease. 
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Einbolectomy should be done as soou as possible after diagnosis. 

Most occlusions of the femoral and iliac arteries and the aorta may 
be satisfactorily displaced by ai)proaph througl) an incision in the fem- 
oral artery, 

Emboli in popliteal and axillary vessels require removal only when 
the use of muscles supplied by tlie ve.ssels remains impossible. 

Heparin, intermittent venous compression, antispasmotics, and/or 
sympathetic blocks should be used as forms of treatment accessory to 
emboleetomj'. They should also 1)C used wlien no einbolectomy is done. 
Their use must be continued for .some lime. 

Attention must be constantly directed to the cardiac disease Avhieh in 
itself may be fatal. 

Twenty-four patients -with twenty-seven limbs rendered ischemic by 
embolic occlusion have been studied. Of these limbs, nine were not 
operated upon. Eighteen limbs were operated upon. In one patient 
the embolus had moved, and in a second the embolus could not be ob- 
tained. Thus there were sixteen limbs from which an embolus was 
removed at operation from thirteen patients. 

Ten of these emboli were removed witliin eight hours of their occur- 
rence; all of the patients had satisfactory return of the circulation. 
Of the remaining six patients, four were successfully treated (one after 
twenty-seven hours), one result was doubtful and one was a failure. 

Twelve of the patients studied died. All of these had had emboli 
removed. Seven patients died within the first few days after the re- 
moval of the embolus, apparently from cardiac failure, and all had had 
successful restoration of the peripheral circulation. Deaths in four of 
the remaining five were from causes not related to the heart disease 
or the embolus and might therefore have been avoided. 

CASE REPORTS 

Cask 1 (Cook County Hospital). — A. H,, a psyehotiu (iO-year-oId white male, was 
.sufiEering from myocardial decompensation at the time he developed an embolic 
occlusion of the left femoral artery. Although not subjected to erabolectoray until 
twenty-seven hours after the occurience of the occlusion, and although the artery 
in which the embolus had lodged nas the site of extreme arteriosclerosis, the circu- 
lation of the leg recovered sufficiently to allow it to be useful. Heparin was not 
used, but intermittent venous compre.ssion was applied constantly for two weeks. 
Five weeks after the embolus was removed, and three weeks after all local treatment 
to his leg was stopped, the patient died from bronchopneumonia. 

Comment . — At the time of opeiation no pulse was restored in the peripheiv of 
the leg. Intermittent venous compression was used constantly, and it was the' im- 
pression of all who watched the leg that this treatment was responsible for the 
recovery of the circulation. Heparin was not used. 

Case 2. — 11. II., a 53-yeav-old schoolteacher, entered St. Imke’s Ho.spital Dec. 12, 
1D41. Three hours previously she had developed i)ain in both lower extremities and 
was unable to move either of them. Uer previous lustor.' mentioned an episode of 
rheumatic fever in childhood and she had had transient attacks of decompensation 
which had been treated with digitali<! and re«t. From December 3 to 4 the patient 
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took 3 gr. of digitalis daih' because of extreme fatigue. On December 4 she de- 
veloped severe abdomiiiid pain wliicli was treated with morphine; this was followed 
by numbness and paresthesia in both lower extremities and a transient attack of 
blindness. On December 7 these symptoms were followed by an embolus in the left 
femoral artery. When .she entered the hospital auricular fibrillation was present. 
The left leg and foot were immobile, cold, and pulsele.-:.”. On the right, although no 
pulse could be felt in the foot, the femoral pulse was easily palpable. 

Removal of the embolus from the left iliac artery was done six hour.s after tlie 
onset of symptoms. Retroperitoneal ma.s.=age was required to obtain the large, soft, 
red thrombus. Admini.stration of heparin was .started four hours postoperatively. 
Digitalis wa.= di.=continued. Postoperatively the femoral and popliteal pulses re- 
turned. Tho.=e of tlie foot did not. The circulation of the leg was well restored 
when the patient left the liospital two weeks after the operation. 

Approximately four months later the patient entered the hosintal with the same 
.symptoms in the right leg. A similar operation was done on the right leg, four hours 
after the onset of symptoms. Tlie embolus was found at the level of the origin of 
the profunda femoris arteiy. There were pulsation.s in the dorsalis pedis artery 
when the patient returned to her bed. Heparin was again used postoperatively 
as was intermittent venous comprc.ssion. Slie was dismissed sixteen days after 
embolectomy. 

A third admi.ssion was made July 24, 1942, three months later, A saddle embolus 
of the aorta was diagnosed three hours after the onset of symptoms. These were 
not relieved by papaverine. On entrance both femor.-)} arteries were pulseless and 
both extremities were cold and mottled belorv the middle of the thigh. Paraverte- 
bral block greatly improved the right but not the left side. Left femoral embo- 
lectoniy was done six hours after onset of symptoms. The embolus was located at 
and above the previous suture line in tlie arterj-. Proximal blood flow was com- 
pletely restored, but di.sfal flow was poor. Gradual discoloration and intractable 
pain developed in the left foot and lower leg. On Aug. 0, 1942, an amputation was 
done below the knee. Some of the muscle looked necrotic. On August 15, nine days 
after amputation, an embolus occurred in the right femoral artery. The right leg 
became frankly gangrenous to the upper third of the leg. This right femoral 
embolus also shut off the remaining circulation to the left leg, and the stump now 
became gangrenous. Because of elevation of temperature, both legs were packed in 
ice and an amputation through both thighs was done under refrigeration anesthesia 
Aug. 27, 1942. The following day the patient developed hyperthermia, convulsions, 
and loss of consciousness and died. Anfop.sy confirmed the diagnosis of mitral heart 
disease and embolus to the bifurcation of the aorta and to the cerebral vessels. 

Comment . — This patient had had a change of digitalis dosage preceding the de- 
velopment of her first embolic phenomenon. She reco%'ered from two major embo- 
lectomies but succumbed when a barrage of emboli progressively blocked her periph- 
eral arteries. The phenomenon of the second embolus on the right, shutting off the 
remaining source of collateral to both legs, is of interest. The two successful embo- 
lectomies were both done u-itUin the first six hours of occurrence. 

ti 

Case 3 {Ko. 53795, Cook County Hospital, 1942). — W. K., a white male SO years 
of age, suffered from sj-mptoms of cardiac decompensation for two months previous 
to entrance to the hospital. A cough with occasional blood-tinged sputum was con- 
comitant with anorexia and nausea. At the same time, three weeks prior to entrance 
to the hospital, he noticed the smoky red color of the urine. At 5 p.m,, Oct. 21, 1942, 
he developed a sudden attack of pain in the left leg. The patient entered the hos- 
pital at midnight. At that time he was very ill. Auricular fibrillation was present, 
pulse was 144, aud there were many skipped beats. He was severely decompensated 
at the time, his liver was palpable below the costal margin, and there were rales 
audible in both pulmonary bases. The left leg below the knee was cold, white, and 
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pulseless, but he coukl still move his toes. Rccoriling oscillomctnc tiiieings (Pig. 9) 
taken at that time show the ineroused oscillations just above the occlusion and the 
sudden interruptions of the pulsation at the site of the occlusion. The man was too 
ill for embolectomy and did not need it since his calf muscles could still be used. 
The one sympathetic block ^Yhich was done upset him so that no move were at- 
tempted. His leg' recovered slowly, the color gradually returned, and ho is able to 
walk on his leg at the present. Although there has been muscle atrophy, he has 0 
very slight foot drop and there is a palpable pulsation in the dorsalis peilis artery 
which is seen in Pig. 11. 

Comment . — This patient with rheumatic heart disease was so severely ill that the 
effort of undergoing lumbar sympathetic block was more than he could tolerate. The 
usefulness of his calf musculature indicated that a satisfactory outcome might be 
anticipated. Of particular interest is the return of pulsation in the dorsalis pedis 
artery after it had been pulseless for days. The use of heparin here might have 
resulted in a stronger arterial pulse and might have helped assure the patency of 
the popliteal artery above the embolus. 

Case 4 (No. 4125.1, St. Luke’s Hospital). — G. F., a 42-year-old white female and 
a known cardiac patient had been taking digitalis irregularly. She had .developed 
symptoms of a saddle embolus at the aortic bifurcation at 4 r.M., but bj’ 7 P.M. the 
pain had left the right leg which at the same time became warm and pink. When 
she entered the hospital at 9 P.st. there was no pulse in the left femoral artery. 
Papaverine and paravertebral block did not relieve the symptoms, and at 2 A.sr., 
March 6, 1943, under general anesthesia, the left iliac artery wa.s exposed through an 
incision just above the inguinal ligament. The ilitie artery was opened and a small 
embolus removed, and because the clot could no.t be extracted through this incision, 
another was made higher in the artery. Thiough this one the entire massive embolus 
was extracted. Free massive flow of blood followed. The iliac vein 'was ligated 
because the iliac vessel distal to the two incisions was not pulsating vigorously. 

The patient was given heparin postopevatively as well as inteimittent venous com- 
pression and papaverine. Her leg seemed slightly warmer and was pink when the 
compression rvas in its positive phase. The leg was painful, however. During the 
forty-eight hours after the operation her pulse and I'espiratory rate were elevated 
and she died from what seemed to be cardiac failure. The clinical impression was 
that the circulation of her leg had recovered sufficiently to allow it to survive. There 
were no pulsations in the foot. 

Comment . — The treatment of this patient might have been improved. First, she 
should have had heparin preoperatively, but since there was no tail clot seen, this 
may not have been essential in her case. The iliac might best have been cleared 
from the femoral artery (see Cases IG, 19, and 20). This would have avoided a 
general anesthetic. 

Case 5 (No. 12336, Cook County Hospital, 1943). — G. P., a 41-year-old Negro 
housewife, entered the hospital March 13, 1943, for care of an acute coronary artery 
occlusion which had developed three days before entrance. While under care the 
presence of a mild diabetes mollitus was discovered. She was treated for both com- 
plaints and did well until April 23, when she developed a sudden pain in the left leg. 
It could not be moved, and examination revealed pulsation in the femoral artery 
only as low as a point 5 Cm. distal to the inguinal ligament. A fairly large embolus 
was removed from the femoral artery nine hours after its occurrence. The embolus 
had entered the profunda, and this portion of the embolus had to be pulled out to 
secure retrograde bleeding from the profunda branch. The femoral vein was ligated. 
No heparin was given post operatively, but intermittent venous compression was main- 
tained manually by patient.s on the ward. At the end of a week the log was warm 
and had little pain but the foot was cold. The compre.ssion at this poTnt was dig- 
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|•(mtimIC(i. Tlip log ininiodiateh began t<i <leieloji bWis ami "U'- ^omi itm|ue''tioii 
ably An ampufation of tlic fliigli became noccs'-ary May 12. Tlie «tun)p be 

came infected and tbe patient .«uccnmhed to the infection May 31. 

Comment . — This patient died from infection of an amputation stump. The ampu- 
tation might ha\e been avoided if heparin had been available and if an automatic 
intermittent \enou‘- compression could ha^e Ireen maintained for a longer period of 
time. The sudden change in the condition of the leg following the discontinuance 
of the intermittent ^enous compiession was striking. Hei cauliac condition was not 
a -erious problem in the postopeiati\e coui.-e. 

C.^.SE (!.— F. H.. a 7.3-\eurold housewife, had been fieated foi hei caidiac .symp- 
toms for about a yeai. In the period immediately preceding the onset of her embolic 
phenomenon her digitalis do-age had been incieased by 3 gr. daily. On April 11, 
1913. at about .3 r.M. slie deieloped agonizing pain in the left leg. She was brought 
to St. Mary's Ho-pital in Stieator, 111., by her physician, April 12, and at that time 
gave the history that at 6 .\.w. .-he had dewlojied similar pain in the right leg. The 
left leg at that time was se\eiely di-eoloied halfw.ay to the knee, but tbe right leg 
wa- me) els of marble whiteness (Fig. .I). The riglit leg was opeiated upon at 
10 .\.M. and an eiubolu- wa- lemoved from the femoral artery at a point .about 0 cm. 
ilistal to the inguinal ligament four hours after it bad lodged theie. Attached to 
this embolus wa.® a tail tliiombu- twenty-si\ niche- long (Fig. 2). The condition 
of the leg immediately after operation was \er\ -atisfuctory, and although there 
were no palpable pulses, the leg was warm and the pain gone. Intermittent venous 
compre— ion wa- applied to both limbs. The patient's caidiac condition, grave since 
the onset of the embolic plienomena. inerea-ed in -e\prity and -lie died thirty-six 
houis after the operation. 

Comment . — In this instance the -ucces-ful earh remmal of the arteiial obstruc- 
tion lesulted in satisfactory circulation to the invoked e.xtremity. The patient 
succumbed in tbe immediate po-toperatise,i»eriod to lier cardiac disease. The rela- 
tionship of the digitalis therapy to the development of the emboli in this ca-e is not 
precise since the eNact date of cliange of digitalis tlieiapy is not known. 

C.\SE 7 (Xo. 21705, Cook County Hospital). — E. J., a white mule 4(> year- of age, 
entered the hospital foi caie of a bleeding gastric ulcer May 5. 1913. On the sixth 
day of hospital stay he developed a cold, painful arm. The forearm was useless. 
Although no source for an embolus could be predicated from Ids complaints or ex- 
ammation, such a diagnosis was made of necessity. A clot one and one-lialf inches 
long was removed from the di.-tal portion of the axillary artery, and the clot ex- 
tended do3vn into the circumflex humoral aitery. Enibolectomy was done less than 
twehe houis after on-et of symptom-. The arterial pulsation did not return in the 
atm, but there was immediate improvement in the color of tlie hand, which could 
now be used. Iiiterimttent venous compression was started. A stellate ganglion 
block was done at the conclusion of the operation and wa- lepeated daily. Too 
much eompiesMon led to a slight edema of the hand which was corrected when the 
pressure was readjusted. The patient's hand was out of danger within a week after 
the embolectomy. He continued to bleed from his gastric lesion, for wliich trans 
fusion- were given. Ue de\ eloped recurrent attacks of thoracic pain which were 
finally recognized ■ due to pulmonary infarcts arising from an obscure thrombosis 
ot tlie deep cal'' .eins of the left leg. Frank femoral tlirombosis finally developed 
and a massii fatal pulmonary embolu- oceuired .Tune 16, 1913. His arm was in 
good condimn at that time. Autopsy reported the following findings: Acute 
erapyems. of the left pleura after subacute embolus in the main branch of the pul- 
monary artery of the left lower lobe, following old thrombosis of the left femoral 
rein; multiple recent anemic infarcts of the right lower lobe after emboli; com 
pre— ion atelectasis of the left lung; compensatory emphysema of the right lung; 
moderate sclerosi- of the ascending aorta with a shallow ulcer at the ciest of the 
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ari-ii uinl a huge inmal tlnombim; seai in the lett aMlln aftei of tlnoiabus 

in tlio braeliinl artoiy; '-evoio imrencliymutous degeneiatioi) of the niyocaidium 
moderate eoronary scleioais; jirogrc^she ciicului caiciiioiiia of the pylorus ^^ith acute 
marginal bleeding ulcers; progic-ssne neplno«elerosis; chionic uleeiati\e pioctitis. 

Com men/.— This patient developed the aiteiial embolus fiom the muial tlnombus 
of the arch of the aoita. -Ut hough the upper extremity i*- )arely .seriously endan- 
gered by emboli lodged in the aiteiies, this \\as thought to be an opeiativo case 
because the obstniction A\as sutiicient to lendei the fdreaim useless. Tlie pulmonary 
embolus might have been pie\ented b.v iiiophylnetie femoial vein ligation. The 
carcinoma of the .stomach Mas leseetable. Asi<ie fiom the muial uleeiation of the 
arch of the aoita, his seiious maladies were amenable to theiapy. 

Ca.sk 8 (No. 82807, Cook County Hospital, 1043). — ^P. S., a white male 40 
.\ears of ago. Mas being tieated foi coionaiy aitei.v occlusion. At 2 r.vt, July 2.8, 
1943, ele\en days aftei cmonaiy aitery occlusion, he developed a pain in the left 
leg as high as the knee. The left leg was mottled, cold, and pulseless, and the pa- 
tient was unable to mo^e the toes voluntarily. Nitioglyeerine was given at that time. 
The patient was seen at 11 a.m. the next day, twenty-one Uouis ivitci the occlusion. 
I’lie cessation of aiterial pulsation in the left femoial artery was palpable just 3 cm. 
distal to the inguinal ligament. The leg was cold and pulseless, and the patient 
could not move the toes voluntarily. While being examined there was a sudden 
change of the coloi of the leg. It seemed to develop some ciiciilation and the dis- 
tinct line which seemed to sepaiate the mottled aiea of the leg fioin the normal 
area hecaiiie less shaiph demaicated. Thinking that tins indicated either a shift 
ot position of the embolus oi the widening of significant numbeis of collateial ves- 
sels, It was noted that the venous filling time was but little prolonged. Nonopeiative 
tieatment was decided upon. Hepann was administeied, inteimittent venous coni- 
piession instituted, and paiavertebial .svmpathetic blocks vveie given daily. By Jul.v 
.80 theie was definite mottling ovei the entiie calf but no blisters vveie visible. At 
that time it was not thought that the leg was unquestionably lost. By August ,8 
blebs had foimed ami on August S the leg was amputated because of seveie pain. 
88ie patient is alive an<l walking on erutebes todav. 

Comment . — This patient developed a peiipheia! embolus eleven dajs aftei his 
mvocaidial infaiction. His case is of paitnulai mteiest because of the apparent 
spontaneous impiovement m tlie ciiciilation which occiiiied tvvent.v one houis aftei 
the embolus developed. This change in (iiculatiou was not ■-ufRcient to maintain the 
viabilitv ot the log, which subsequenth reqniied amputation. Hovvevei, in this in- 
stance the leg was not unquestionably lost foi ovei a week, and it was the feeling 
of phvsicums who watched the patient’s piogiess that the hepann, inteimittent 
venous compiessioii, and paiavertebial s.vmpathetio blocks would have been success- 
ful had an embolectoinj been ilone, even as late as twenty one hoin.s when the change 
111 fiiculation took place. 


Ca.sf 0 (Ko 40404, 1043). — E. W., an cldeilv Negio female, enteied the hospital 
-Vug. 81. 194,8, Her condition was diagnosed as an acute cholecystitis with perfora 
lion ami possible subdiaphiagmatic abscess. On the twenty-fifth day of her stay 
she developed a sudden attack of pain in the left toot. The leg was cold and pulse- 
less and site was unable to move tbe toes two bouts after the onset. Tvventj-tvvo 
hours aftei the onset a detmite and abrupt cessation of palpable pulsations m the 
femoial aitery was p.ilpaWe .8 . m. distal to the inguinal ligamenl. She had been 
given p.ipaveiiiie and one lumbar svmpathetic block. An emboleetomy was advised 
ami a spinal aiiestUetu instituted. When the patient’s fldgli was palpated, the spo! 
of airest ot femoial pulsations was no longei palpable. An in. is, on was made ovei 
the femoial arteiv vvhuh was found to be p.ileiit and pulsating. It seemed tlmt the 
sj.nml anesthctu had allowed the embolus to pass fartlior down the artery. Eo 
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oscillometer was available at the time. The leg progressed to develop gangrene. 
This served to exclude a diagnosis of arterial spasm. Tlie condition of the patient 
became progressively ivorse and she died Oct. P, 1P4.3, thirty-nine days after entry 
and thirteen days after the embolic episode. 

Comment . — The important observation in this patient is the shift of position of 
the embolus ^Yllich occurred after the spinal block. That it was not simply an 
arterial spasm is proved by the development of gangrene in the leg. The gall blad- 
der condition was amenable to ’ therapy and had the embolus been easily recovered 
from the femoral artery, the patient’s clinical course might have been improved. 

C.vsE 10 (No. 4412S, Cook County Hospital, 1943). — ^A. S., a 49-year-old white 
woman, had known of her hypertension for five years. She entered the hospital Sept. 
27, 1943, stating that at 1 P.M. she had developed numbness and pain in the right 
toes and leg. A transient attack in the left hand had occurred three dav's previously. 
Mdien she was e.xamined she was seen to be acutel}' ill, the blood pressure was 
160/110, her pulse rate was 140, and .she was cyanotic. The right leg was pale, cold, 
and useless. The point of arrest of the pulsations in the femoral artery was easily 
palpated 3 cm. below the inguinal ligament. The embolus was presumed to arise 
from the heart, diseased from her hypertension. At 10:30 A.jt., September 28, a 
femoral embolectomy was done, twenty-one and one-half hours after the development 
of the embolus. There was marked adherence of the embolus to the surrounding 
arterial wall. Satisfactory circulation to the periphery was not re-established. Tire 
posterior tibial artery was e.vposed and an attempt was made to pass a ureteral 
catheter up the posterior tibial artery, but it was impossible to obtain through-and- 
through circulation of saline solution in this way. The femoral vein was tied. 

The leg continued to discolor and an amputation was done October 11. A subse- 
quent clectroeardiogi-am was read as follows: Advanced left ventricular preponder- 
ance with rather marked ischemia of the anterior coronary branch but no evidence 
of coronary occlusion or infarction. 

Comment . — The obvious difficulty here was the late operation and the lack of 
heparin in the pre- and postoperative treatment. The attempt to obtain retrograde 
clearance of the arterial network by forceful irrigation of the posterior tibial artery 
was unsuccessful. It miglit have been useful if the peripheral thrombosis had not 
progressed so far. 

C.vSE 11 (No. 53428, Cook County Hospital, 1943). — ^L. L., a very obese 73-year- 
old white female, entered the hospital Dec. 2, 1943, suffering from myocardial de- 
compensation with auricular fibrillation, best explained as due to cardiac hypertrophy 
concomitant to hj-pertension. She urns treated witli digitalis, 3 gr. being given daily. 
She improved surprisingly, so that by December 7 the pulfee was 64. By the morn- 
ing of December 8 she noted pain in the left leg, tire onset of which was indefinite, 
because the patient was somewhat disoriented and did not answer questions accu- 
rately. The leg was cold and totally pulseless and she could not move it. A diag- 
nosis of iliac embolus was made and an embolectomy was decided upon. At 8 p.JI. 
the embolus was removed from the iliac artery just above the inguinal ligament. 
The femoral vein was ligated. Postoperatively she did not do well, was very restless, 
and it was impossible to maintain either proper lieparin therapj- (altliough some was 
given) or intermittent venous compression. Her cardiac condition remained very 
poor and she died December 13, five days after removal of tlie embolus. It was 
uncertain at that time wliether or not the leg would have survived. 

Comment . — The long delay in therapy occasioned by the patient’s cerebral condi- 
tion was important here. The failure to give heparin preoperatively may have had 
a bearing on tlie condition of the leg. Whether or not lier restlessness, which pre- 
vented intermittent venous compression, was sufficient to encourage the movement of 
blood in the extremity may be speculated. 
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Case 12.— (St. Luke’s Hospital).— M. G., a scptagenavian woman, was brought to 
the hospital .Tan. 11, 1944, because of a transient hemiplegia which had developed 
in the course of a cardiac disturbance. She had had hypertension for several years. 
AVhen she entered the hospital, the diagnosis of auricular fibrillation complicating 
the cardiac changes of hypertension was made. This was corroborated by the elec- 
trocardiogram which pointed to a coronary artery disease which could have been the 
result of multiple myocardial infarctions. During her stay in the hospital she was 
irrational. On January 17 it was noted that there was marked discoloration below 
the lower third of the calf. The leg was warm as low as the knee, but there was no 
pulsation palpable in the femoral artery. Irreversible clianges had already occurred 
in the leg. The leg was kept cold, during which time the cardiac condition improved, 
and January 25 a supracondylar amputation was done, using refrigeration as the 
means of anesthesia. The patient is still in the hospital, the cardiac and cerebral 
conditions requiring the hospital stay. 

Comment . — The femoral artery was one of many arteries occluded when this pa- 
tient developed a cardiac crisis. The cerebral embolus no doubt gave rise to the 
psychic changes which prevented the patient from complaining when the iliac artery 
was occluded. The rapidity with which the peripheral changes became irreversible 
may be explained as due to the circulatory inefficiency and may well have been pre- 
vented by early administration of heparin. 

Case 13 (No. 57121, Cook County Hospital, 1943).— M.M., a 34-year-old white 
female entered the hospital Dec. 2S, 1943, suffering from severe auricular fibrillation. 
The basis of this was rheumatic heart disease. She had taken digitalis irregularly 
since she had developed myocardial decompensation two and one-half years before. 
A severe cold had preceded the present attack. AVhen she was examined her pulse 
was 140 per minute and was very irregular, and there was evidence of decompensa- 
tion in that there were rales in both pulmonary bases and in that the liver was pal- 
pable three inches below the costal margin. She was given gr. of digitalis four 
times daily. On December 30 her pulse was 100. On December 31 the digitalis was 
reduced to lyj gr. twice each day. Fibrillation was still present. On Jan. 1, 1944, 
the dosage of digitalis was cut to ly^ gr. every morning. The lungs were clear. On 
January 4 there was great pain in the right renal region and a diagnosis of right 
renal infarct was made. On January 13 her pulse was GO at the apex and 55 at the 
wrist. Digitalis was stopped. She was apparently ready to get up. At 4:40 p.At. 
she developed paresthesias of both legs. There were no pulsations in either leg. 
A diagnosis of saddle embolus at the aortic bifurcation was made. By 6:40 p.si. 
pulsations were found in the left femoral artery and it was ' presumed that the 
embolus had been washed into the right iliac vessels. At 8:30 p.m. 5 e.c. of 
heparin were given and at 9:25 P.M. operation was begun. We w-ere unable to 
extract the embolus from where it had apparently lodged at the bifurcation of the 
ibac vessels. Spasm of the iliac artery was so great that at times it grasped the 
probe. We hoped that the spasm was the entire cause of the ischemic extremity. 
The gangrene which developed after the operation was evidence that there was a 
definite organic occlusion. The gangrene developed in spite of the use of heparin, 
paravertebral blocks, and ice bags applied to the leg. Since then the patient has 
had a major embolic occlusion of the left leg, which required amputation, and has 
had recurrent episodes of emboli to the upper extremities and to the cerebral 
circulation. 

Comment . — The failure to remove the embolus in this patient was due to the re- 
luct<ance to introduce the knobby instrument above the level of the occlusion ami 
actively to extract the embolus which had no doubt been tightly wedged into the 
internal iliac artery. Experience.s with three other patients (Cases 16, 19, and 20) 
in wiiom similar .situation.^ were encountered lead us to feel that .«uch a difficulty 
would not remain unsolved in the future. The continued use of heparin was under- 
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oscillometer was available at the time. The leg progressed to develop gangrene. 
This served to exclude a diagnosis of arterial spasm. Tlie condition of the patient 
became progressively noise and .she died Oct. fl, 1P4.", thirty-nine day.s after entry 
and thirteen days after the embolic episode, 

Comineni . — The important ob.servation in thi.s patient is the .shift of po.sition of 
the embolus which occurred after the spinal block. Tliat it was not simply an 
arterial spasm i.s proved by the development of gangrene in tlie leg. The gall blad- 
der condition was amenable to' therapy and had the embolus been easily recovered 
from the femoral artery, the patient 's clinical course might have been improved. 

Case 10 (Tso. 44128, Cook County Hospital, 1943). — A. S., a 49-ycar-old white 
woman, had known of her hypertension for five years. Sihe entered the liospital Sept. 
27, 1043, stating that at 1 P.^t. she had developed numbne.«s and pain in the right 
toes and leg. A transient attack in the left hand had occurred tlirce days jireviously. 
Mdien she was examined she nas scon to be acutely ill, the blood pressure was 
160/110, her pul.se rate was 140, and .she was cyanotic. The right leg was pale, cold, 
and usele.ss. The point of arrest of the pulsations in the femoral artery was easily 
palpated 3 cm. below the inguinal ligament. The embolus was presumed to ari.se 
from the heart, diseased from her hypertension. At 10:30 A.Jt., September 2S, a 
femoral emboleetomy was done, twenty-one and one-half liours after the development 
of the embolus. There was marked adherence of the embolus to the surrounding 
arterial wall. Satisfactoiy circulation to the pcripliery was not rc-estahlishcd. The 
posterior tibial artery was exposed and an attempt nas made to pass a ureteral 
catheter up the posterior tibial arteiy, but it was impossible to obtain through-and- 
through circulation of saline solution in this way. The femoral vein was tied. 

The leg continued to discolor and an amputation was done October 11. A subse- 
quent electrocardiogram was read as follows; Advanced loft ventricular preponder- 
ance with rather marked ischemia of the anterior coronary branch but no evidence 
of coronary occlusion or infarction. 

Comment . — The obrious difficulty here was the late operation and the lack of 
heparin in the pre- and postoperative treatment. The .attempt to obtain retrograde 
clearance of the arterial network by forceful irrigation of the posterior tibial artery 
was unsuccessful. It might have been useful if the peripheral thrombosis had not 
progressed so far. 

Case 11 (No. 53428, Cook County Ho,“pital, 1943). — L. L., a very obese 73-year- 
old white female, entered the hospital Dec. 3, 1!I43, .suffering from myocardial de- 
compensation with auricular fibrillation, best explained as due to cardiac hypertrophy 
concomitant to hypertension. She was treated with digitali.s, 3 gr. being given daily. 
She improved surprisingly, so that by December 7 the pulse was 64. By the morn- 
ing of December 8 she noted pain in the left leg, the onset of which was indefinite, 
because the patient was somewliat disoriented and did not answer questions accu- 
rately. The leg was cold and totally pulsele.ss and .she could not move it, A diag- 
nosis of iliac embolus was made and an embolectoaij- was decided upon. At 8 r.M. 
the embolus was removed from the iliac artery just above the inguinal ligament. 
The femoral vein was ligated. Postoperatively she did not do well, was very restless, 
and it was impossible to maintain either proper Iieparin therapy (although some was 
given) or intermittent venous compression. Her cardiac condition remained very 
poor and she died December 13, five days after removal of the embolus. It was 
uncertain at that time whether or not the leg would have survived. 

Comment . — The long delay in therapy occasioned by tiie patient’s cerebral condi- 
tion was important liere. The failure to give heparin preoperatively may have had 
a bearing on the condition of tlie leg. Whether or not her re.stlessness, which pre- 
vented intermittent venous compression, was sufficient to encourage the movement of 
blood in the extremity may be speculated. 
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hcuv.v lioupfhokl duties particularly exhausting. In the period immediately preced- 
ing her entry into the hospital she had had a moderate amount of hemoptysis. She 
entered the hospital .Tan. 31, 19-t-t, with myocardial decompensation. She was given 
3 gr. of digitalis on entrance and li^ gT. eveiy morning thereafter. On Feb. 6, 
1944, at 1 P.Ji. the patient noted a sudden onset of tingling, followed by a sensation 
of cold in both lower extremities. After about ten minutes the legs became unbear- 
ably painful and she noted that she could not move either leg. At that time it was 
thought that she had developed a saddle embolus at the aortic bifuication. A para- 
vertebral block was done on both sides. After this the right femoral artery was 
palpable, pulsating to a point 4 cm. below the inguinal ligament, at which point it 
abruptly stopped. There was no ’palpable pulsation on the left side. The patient 
was given 5 c.c. of heparin and taken to the operating room at 5 I’.^r. Both femoral 
arteries were exposed in the inguinal region. The left femoral artery was opened 
first; it was empty, and an enormous folded clot (Fig. 1) was extracted from above 
where it apparently had lodged at .the point of bifurcation of the iliac vessels. Free 
pulsation attested to the return of circulation, and the arterial incision was closed. 
The right femoral artei-y was opened at the site of occlusion, the point of femoral 
bifurcation, and the clot was removed (Fig. 1). The left femoral vein was ligated. 

Tlie patient’s postoperative course was marked by a totally satisfactory circula- 
tion in both legs, which were warm, useful, and free of pain. The cardiac condition 
increased in gravity and she died thirty-two hours after operation in the picture of 
an acute cardiac failure. 

Comment . — The early removal of the emboli from the occluded vessels in this pa- 
tient was associated with the administration of heparin preoperatively. The success- 
ful result was followed by serious cardiac failure. Of particular interest was the 
precipitation of the cardiac attack by undue fatigue. In this patient the iliac 
embolus was extracted by making sure that the knobby end of the probe was above 
the embolus. The probe was then turned laterally and pulled down. This maneuver, 
not done in Case 13, might have been successful there. The heparinized blood did 
not coagulate in the operating room, but both arteriotomy wounds stopped bleeding 
without diificulty. 

Case 17 (No. 7fi34, Cook County Hospital, 1944). — J. M., a 60-year-old white male, 
was admitted to the hospital for care of myocardial decompensation. TlTiile being 
examined he experienced a sudden pain in the left leg. The pain was severe and 
constant, and numbness soon was noted. The toes were constantly useful. At that 
time the popliteal and femoral pulses were palpable, but neither dorsalis pedis nor 
posterior tibial pulse could be made out. A diagnosis of embolic occlusion of the 
bifurcation of the popliteal arteiy was made, but since the toes could be moved, it 
was felt that there was sufficient collateral to allow the patient to be treated without 
operative intervention. Papaverine was given and the patient recovered sufficiently 
to have good pulses in both posterior tibial and dorsalis pedis arteries. 

Comment . — This patient was correctly treated without embolectomy because the 
usefulness of the calf muscles indicated adequate collateral. The return of good 
pulsation in the dorsalis pedis and the posterior tibial makes one feel that there may 
have been a good deal of arterial spasm involved in this clinical picture. It is diffi- 
cult to conceive how an embolus large enough to have blocked the popliteal could 
so pass into a collateral large enough to hold it and still leave the anterior and 
posterior tibial vessels open. The patient did not develop cephalad thrombosis as 
did the one reported in Case 14. Heparin would have rendered such an occurrence 
unlikely. 

Case IS (No. S079, Cook County Ho.«pital. 1944).— A. S., a 60-year-old white fe- 
male, entered the hospital February- 24. For eight months previously she had had 
complaints of dyspnea and swelling of her ankles; hemoptysis had occurred during 
the first seven days. A sense of oppression over the heart was present. On examina'^ 
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taken to iiianitain tlie Unicl itate oi the ))lood am! to make use of e\ery possible 
oppoitunity for adequate ciicnlation to deielop about the obstructed arterial seg 
ment. The use of the ice bag seemed to prolong the life of the limb and allowed 
a lower amputation than would have been po‘-sible otlieiwi-.e. 

Case 14 (ICo, 3552, Cook County Hospital, 3944). — M. 33., a 07-year-old Negro 
female, had a pievious lecoid in the hospital as a caidiac patient. She had had 
recurient attacks of cardiac decompensation. Ifer last hospital stay had been in 
No\ ember, 3943. Slie enteied the hospital Jan. 11, 3944, with similar complaints 
and findings; hei pulse late was 330 per minute and her blood pressure, 200/310. 
The diagnosis of nnoeaidial deeompen.sation was again made; she was given digi- 
folin, 3 gr. three times the liist day, and li/, gi. twice daily theicafter. By .lanu- 
aiy 15 her pulse was 78 and the digit.alis was slowed to I'/i gr- every morning. On 
Jamiaiy 17 .she had de\eloped anoiexia and a bigeminal pulse. Thi.s was interpreted 
as a sign of digitali.s toxicity and the drug was di.scontiiiued. At 7:30 that evening 
-he developed sevcjc pain in the light leg. The leg was cold, but she could move the 
toes. Tiieie was neither dor.=ali,s pedis ot posterioi tibial pulse. An occlusion of 
the popliteal artery was .suspected, but since pulsations of tlie popliteal artery were 
jKilpable, the occlusion was piesiimed to be at its loweimo«t poition, where the 
bituication oceuiied. PaiavertehraJ blocks neie given daily, but on Januaiy 20 the 
foot was obviously discolored. At this time palpation of the popliteal fossa revealed 
that the pulsations whieii pieviously had been easily palpable had di'^appeared. An 
amputation was necessarj’ on January 27. 

Comment . — Tlie development of tliiombosis ceutial to the position of occlusion in 
tins patient is a point of gieat importance. It is piobable that the use of liepaiin 
soon aftei the embolus lias lodged would pievent tliiombosis in patients with such 
an involvement as tins wlio aie not opeiated upon, ns well as in those in whom 
opeiation is iieifoimed. Tliis eiiiplmsi/es the inipoitance of anticoagulants in the 
tieatment of embolic occlusion, whether oi not opeiative lemoval of the embolus 
is undertaken. Inteimittent venous compiession might liave been of help Iieie. 

Case 15 (No. ;32S1, Cook County Hospital, 1944).— I. a 79-yenr-pld white 

woman, enteied the hospital foi treatment of diaiiiiea. It was discovered that she 
was .suft’eiing fioni a lapid auiiculai fibi illation. Tlie fundamental cardiac disease 
was piesuiiied to be hypei tension, even though hei blood piessure on entrance was 
only 140/100. On Januaiv 2'*, six davs aftei entrance, her fibrillation had disap- 
peaied. At 11 v.vr. the patient developed pain in the left leg but said nothing about 
it. Bv 2:. 30 P.vr. the dorsalis pedis was noted to be absent. At 3:50 p.xi. she was 
iinalile to move liei calf muscle-. The venous filling time in that leg was -one minute 
and twenty seconds a- compaicd to twenty second- in the good leg. The popliteal 
aiteiy piil-ated at least tlirougliout two tliiid- of its length. An einbolectomy was 
decided upon. No Iiepaiin was available tor pieoperative treatment. On the waj 
to the oppiatmg room she evpeiiemed a marked lelief of pain in her leg and a 
cense of warmth letuined. AVhen examined, hei leg wa- warm and there was no 
letiiin ot palpable pul-e in the doisalis pedis and popliteal aiteries, but she could 
move the toes with ease It was obvious that hei circulation had been adequatel.v 
lestoied. Her eonvalescente wa- uneientful No operation was performed. 

Comment . — A small enibolu- wlinli blocked the bifuication of the popliteal seri- 
ously appal entlj became fiagmented and passed into the peripheral vessels. This 
allowed the establishment of enough collateral to lender operative intervention un- 
necessaiy. Piobably hepann .-hould be tciveii piophylaetieally to such a patient (see 
Case 34). 

Case 30 (No. 445b7, Cook C'ountj Ho-pital, 1943). — E. !>., a white woman 38 
veais ot age, had known of Iier caidiac condition since childliood. This cardiac con- 
dition had given hei eoTi-iderable dilficulti with each piegnanci. It had made hei 



KEYXOLnS AND .UrSKA : OCCEUSIOX OF SlAJOR ARTERIES 


515 


present anil probably resulted from the changes in the myocardium resultant from 
long-standing lij’perthyroidism. She developed a painful leg with resultant loss of 
movement Feb. 26, 1944, but this disappeared rapidly. On March 1, at 3 p.m. the 
intern had visited her and specifically noted that she could move her left toes. At 
4:25 r.M. she complained of inability to move the left toes and of pain in the entire 
leg. At that time no pulse could be palpated in the left leg. Ten cubic centimeters 
of heparin were given at 5:30 P.jr. and the femoral artery opened about two hours 
after the arabolus lodged. There was a moderately long tail thrombus found at the 
site of incision (Fig. 3), and a large clot was removed from the level of the bifurca- 
tion of the iliac vessels by the use of a long, lead ball stone- probe. Bleeding was 
free. The heparin was continued postoperatively, and the patient ’s leg did well post- 
operatively; by the end of twenty -four hours she was able to use the muscles in the 
calf. She did poorly from the cardiac point of view and died forty-eight hours 
after the emboleetomy from her cardiac condition. 

Comment . — ^The careful observations of the house officer allowed a correct diag- 
nosis of iliac embolism to be made in the face of a difficult clinical history. The 
early removal of the embolus associated with the use of heparin resulted in a suc- 
cessful restoration of circulation to the femoral vessels. In spite of the early diag- 
nosis and the use of heparin, some tail thrombus had already formed. It is pre- 
sumed that without heparin an even larger thrombus would have formed and ren- 
dered all attempts at restoration of circulation futile. 

C.VSE 21 (No. 10234, Cook County Hospital, 1944). — ^P. O., a 03-year-old white 
male, was under treatment for cardiac decompensation and was progressing satis- 
factorily until the morning of March 10, 1944, when he found lie could not stand 
on his right leg. The leg was cold and he rvas not able to move the toes of the 
foot as well as those of the left foot. He was able to move them, however. Because 
of the pain in the foot, the pulseless foot, the presumption was that the occlusion 
had occurred in the popliteal artery. The fact that he was able to use his toes made 
operative intervention seem unnecessary. Paravertebral blocks and papaverine re- 
sulted in a rapid return of warmth to the leg, and by tiie end of a week the leg was 
useful. Pulses did not return to the dorsalis pedis or posterior tibial arteries. 

Comment . — This patient developed an embolic occlusion distal to the main por- 
tion of the popliteal artery. The maintenance of peripheral circulation resulted in 
the retention of ability to move the toes. Heparin would have added certainty to the 
favorable outcome. 

Case 22 (No. 12442, Cook County Hospital, 1944). — F. C., a 61-year-old white 
male, entered the hospital March 20, 1944, complaining of pain in the right arm and 
hand of a dull nature. He stated that his fingers felt numb and that he could move 
them with difficulty. He had been given li4 gr. of digitalis because of ankle edema. 
His pulse was 70 and fibrillating; blood pressure, 190/90. He could move the fingers 
easily. Palpation of the axillary artery was easy, and the point of arrest of pulsa- 
tion was readily felt at about the level of the insertion of the pectoralis major 
muscle into the humerus. The embolus could be palpated, distending the artery. 
No pulses were palpable in the periphery. A block of the stellate ganglion was 
done; he felt an improvement of the temperature of his fingers and he was able to 
move them better. This was continued daily and his arm recovered. 

Comment . — This patient who developed an easily diagnosed embolism to the axil- 
lary artery had sufficient collateral to allow use of the musculature of the forearm. 
Hence emboleetomy was unnecessarj- and he had progressed satisfactorily. Heparin 
would add assurance against cephalad thrombosis. 

Case 23.— Jlrs. .1.. in her middle fifties, known to have hypertensive heart dis- 
ease, complained of pain, numbne.ss. and a sense of cold in her right log below the 
knee. These symptoms had been present for twenty- four hours when she was first 
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tion the pulse was 120, and the blood pressure was 190/40 in both arms. Her left 
pupil was larger than the right; both reacted to light and accommodation. A diag- 
nosis was made of sj'philitic disease of the central nervous system and of the heart. 
The latter had produced an aortic regurgitation and the patient was now suffering 
from myocardial decompensation. She was given gr. of digifolin, and by Feb. 
29, 1944, she had received 24 gr, in four days. Her pulse had dropped from 120 
to 8S per minute. A transient fibrillation had disappeared. At 5 p.m. the patient 
had a sudden attack of pain in the left leg, which became white, and she whs unable 
to move the muscles of the calf. Palpation revealed a sudden cessation of femoral 
pulsation 3 cm. below the inguinal ligament. A diagnosis of embolic occlu.^ion of 
the femoral artery at the level of bifurcation was made. Five cubic centimeters 
of heparin were given intravenously at 7 '.la p.m. and she was given papaverine. 
Oxygen was given and three hours after the embolus lodged in the femoral artery, 
it was removed tlirough an incision in the superfici.al femoral. Tlie patient’s %’essels 
were noted to be ns soft and pliable as those of .a young adult. The patient ’s leg 
was warm and pink at the conclusion of the operation, and tliere was ii very strong 
pulse in both the dorsalis pedis and in the posterior tibial arteries. All the pain 
disappeared from the leg before the patient left the operating room. The patient 
was maintained on heparin for six days and was given 300 mg. of dicumarol on the 
day of the operation and 200 mg. on the remaining days. Her leg remained in 
perfect condition, but her cardiac condition, after haring improved during the first 
three postoperative days, became worse and she died on the sixth day. 

Comment . — The total relief of the arterial obstruction in this patient resulted 
from the fortuitous combination of early administration of heparin plus early 
embolectomy. The unfortunate fatal outcome might have been anticipated since it 
is rare for a syphilitic cardiac lesion to give rise to emboli. There was, however, 
a definite period of auricular fibrillation noted. 

Case 19 (No. 8661, Cook County Hospital, 1944).— T. A., a 52-year-old white man, 
entered the hospital Feb. 28, 1944. At that time he was suffering from myocardial 
decompensation and diabetes mellitus. The cause of the cardiac decompensation was 
not known. He was given supportive treatment and digitalis, 3 gr. daily. On March 
1, 1944, after having received only 9 gr. of digitalis, the patient developed an 
embolus to the left iliac vessels. The leg was cold, pulseless, white, and useless. 
Ten cubic centimeters of heparin were given intravenou.sly four hours after the 
occurrence of the embolus, and the embolus was removed five and one-half hours 
after its occurrence, one and one-half hours after the heparin had been given. At 
the time of operation there was a tail thrombus three and one-half inches long ex- 
tending into the femoral vessel (Fig. 4). The clot itself had to be forcefully pulled 
out of the iliac by engaging it with the scoop end of a lead bile duct probe. The 
flow of blood was violent as soon as the clot was removed. The femoral vein was 
not ligated. Postoperatively heparin therap.v was continued, as was the papaverine. 
Dicumarol, 300 mg., was given. The patient's leg felt much better immediately 
postoperatively but there was no pulse. The next morning his leg and foot were 
warm and he could move his toes. At noon, just twenty-four hours after the re- 
moval of the femoral embolus, just after he had asked for dinner, he died suddenly. 

Comment . — The death of the patient was obviously of cardiac origin. The leg 
had made a satisfactory recovery from its temporary occlusion. The rather mas- 
sive tail thrombus %vhich was present shows clearly the importance of administration 
of heparin. It is possible that if heparin had been given earlier, it might not have 
formed; that if the heparin had not been given, the entire arterial network would 
have been filled with clot. 

Case 20 (No. 7546, Cook County Hospital, 1944). — ^F. K., a G7-year-old wliite fe- 
male was being treated for hemiplegia which apparently had resulted from a cere- 
bral arterial embolism. Auricular fibrillation and myocardial decompensation were 
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Since there wiw no pnllor of tlic extremity innl .-^inee at the time of operation the 
distal superficial femoral seemed totally patent, no nntispasmotics aside from papa- 
verine were used. 

The patient died suddenly during the night two and one-half weeks after the 
embolectomy. The preceding day lie had had full use of his leg, and all therapy 
had been discontinued. 

Comment . — ^The successful outcome of this patient’s limb may be attributed to a 
combination of factor.s in addition to the underlying cardiac care. There was a 
fairly good collateral circulation during the time the embolus was lodged in the 
femoral artery, heparin was used preoperatively, the embolus was removed easily, 
and the postoperative care combined anticoagulants, intermittent venous compres- 
sion, and antispasraotics. 

It is of interest to point out that the patient had a temperature of over 102° F. 
postoperatively which required three days to disappear. This temperature may have 
represented absorption of toxic material which resulted from the inadequate blood 
supply to the periphery. 

The authors wish to acknowledge the cooperation of the Attending Staff of the 
Cook County Hospital in allowing them the courtesy of seeing the patients in this 
series who were in the Cook County Hospital. 

The authors wish to take this opportunity of expressing their gratitude to the 
House Staff at the Cook County Hospital for their help in controlling the heparin 
therapy. 
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seen by her physician March 22, 1944. At tliai time her pulse rate was 140 and 
irregular and there was some pulse deficit. Examination of the right leg revealed 
the palpable pulse in the popliteal fossa but none in the foot. Her foot was cold 
but she could move the toes. Diagnosis was made of hypertensive heart disease 
with auricular fibrillation and embolus’ to the right popliteal artery. Cardiac care 
was gi%-en in the home. Mlien seen by one of us (.1. T. E.) two weeks later her con- 
dition was much the same. Being influenced by the events which occurred in an- 
other of our patients (Case 14), anticoagulants were suggested at this time but 
were not obtainable. By the time two more weeks had passed by, her toes had all 
become gangrenous and there was a possibility that a portion of tlie foot would 
be lost. The cardiac condition had imjirovcd markedly. 

Commenl . — ^This case followed the course of events which occurred in Case 14. 
Anticoagulants and intermittent venous compression, as well as antisjiasmotics, might 
have maintained the viability of the leg long enough for adequate collateral to 
develop. It i.s probable that if they had been vigoi'ously applied even at the end 
of two weeks the slowly developing gangrene might have been prevented. 

Case 24. — Mr. V. I., 72 years of age, was admitted to the Evanston Hospital at 
12 if., April 17, 1944. He had been under care for cardiac disease for some time 
and on April 15 and IG had had numerous une.xplained episodes of transient circu- 
latory and respiratory arrest, one of which lasted as long as ninety seconds. On the 
evening of April 10, sometime after 4, a vague sense of distress was jiresent 
in the left leg. The leg felt cooler to the patient than the opposite leg, but at 8 
the pulses in the foot were palpable. By morning only the upper two inches 
of femoral artery pulsated freely. In view of this femoral embolus developing sev- 
eral hours after the last episode mentioned above, the impression was that the pre- 
vious episodes had been due to a ball valve thrombus in the left auricle which tem- 
porarily occluded the mitral orifice. 

On entering the hospital there %vas a definite arrest of pulsation in the femoral 
artery at the level of the bifurcation, about 3 cm. below the inguinal ligament. 
Although the foot was not marble white, there was a definite line of demarcation 
in the middie of the calf below which the leg was mottled. Tliere were no pulses 
in the foot, but the foot was pink; the superfici.al veins were not collapsed totally. 
The patient was able to move the toes of the foot verj- slightly. The clinical im- 
pression at the time was that an embolic occlusion of the superficial femoral artery 
had occuiTed but that in some way partial collateral circulation Iiad been maintained 
in the rest of the leg. Five cubic centimeters of heparin had been given at 10:30 
A.M. In spite of the limited circulatory efficiency, embolectomy was decided upon 
not only because of the patient’s pain, but because of the danger of subsequent 
thrombosis peripheral and central to the embolus which would result in occlusion 
of the artery. 

Under local anesthesia the femoral artery was e.xposed. The profunda femoris 
arteiy- was seen to be almost again as large as the superficial femoral, and it was 
pulsating at the time. An embolus 2^ cm. long and about % cm. in diameter was 
removed from the superficial femoral artery. The embolus had apparently gone well 
down into the superficial femoral, and the proximal end had only partially occluded 
the profunda. There was good retrograde bleeding from the superficial femoral be- 
fore the embolus was removed and very heavy bleeding from above after the embolus 
had been extracted. The femoral vein was not ligated. After the closure of the 
arteriotomy there was excellent pulsation in all vessels palpable in the wound. 

Pulses in the foot did not return postoperatively but the patient had less pain in 
the calf. 

At the end of the week the patient was able to move the leg with comfort and, 
although no pulses had returned to the arteries of the foot, it was warm. Heparin 
and dicumarol had been used in addition to the intermittent venous compression. 
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Since there wns no pallor of the extremity and since at the time of operation the 
distal superficial femoral seemed totally patent, no nntispasmoties aside from papa- 
verine were used. 

The patient died suddenly during the night two and one-half weeks after the 
einbolectomy. The preceding day he had had full use of his leg, and all therapy 
had been discontinued. 

Comment . — The successful outcome of this patient’s limb may be attributed to a 
combination of factors in addition to the underlying cardiac care. There was a 
fairly good collateral circulation during the time the embolus was lodged in the 
femoral artery, heparin was u.sed preoperativcly, the embolus was removed easily, 
and the postoperative care combined anticoagulant.*!, intermittent venous compres- 
sion, and antispasmotics. 

It is of interest to point out that the j)atient had a temperature of over 102° F. 
postoperatively rvhich required three days to di.^appear. Tliis temperature may have 
represented absorption of toxic material which resulted from the inadequate blood 
supply to the periphery. 

The authors wish to acknowledge the cooperation of the Attending Staff of the 
Cook County Hospital in allowing them the courtesy of seeing the patients in this 
series who were in the Cook County Hospital. 

The authors wish to take this opportunity of expressing their gratitude to the 
House Staff at the Cook County Hospital for their help in controlling the heparin 
therapy. 
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preheiisive he had no eoinplaints. There was no change in the shrunken abdomi- 
nal muss. Suddenly, without warning, he vomited copious amount.s of blood and 
died. ' 

Aniopsy . — The gastrointestinal tract was filled with blood. Careful search showed 
no lesion in the .stomach or first portion of the duodenum. There wa.s a pin-point 
opening in the third portion of the duodenum which connected directly with the 
aorta about '% incli above the aneurysm. Between this point and the aneury.sni 
wa.s a solid ring of ti.ssue of cartilaginous consistency about inch in diameter, 
totally occluding the aorta. On the right side of the vessel just above this con- 
striction w'as a new small aneurysmal dilatation filled with laminated clot. Two 
strands of .«ilk were found incorporated in the tissue at the lower end of the 
constriction. The niteuryum was fiat, about one-half its ptcvions size, and on 
opening it, old oiganized clot was found. There was no circulation within it. 



Kip. 4. — .Vutopsy specimen sliowinp perforation into duodenum just proximal to 
upper rubber band at edge of small new aneurN'sm. tVhlte area is fibrous tissue of 
cartilaginous consistency whicb cJerelopetl In region in which hands were placed. 
There is no lumen through this area. 

The .stumps of the common iliac.s attached to the aueuiy.sm were also filled with 
old clot. The distal common iliacs were both filled with organized clot, as were 
the external iliac.s down to the femorals. The epigastrics were competent but 
not dilated. There were many .small vessels which could be seen coursing over 
the pelvic peritoneum. There was no evidence of diminished blood supply to the 
sigmoid colon. Sections of the aorta .showed syphilitic aortitis. The heart was 
not abnormal. 

Conimenl. — Cfiossly, (heie ua.s no erideiice of the lubber hand.s. Micioscopic 
sections disclo.sed that they liad disintegrated and had become incorporated in the 
eonstricting scar tis.sue. I< .seems etidenl that the upper edge of the pro.xima) 
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band had weakened tlic aortic wall. This deterioration had resulted in the 
aneurysmal dilatation on the right side and the eventual perforation on tlie an- 
terior surface of the vessel. It seemed obvious that the collateral circulation had 
been maintained by branches from the hypogastric vessels. In spite of the ad- 
verse outcome of the ca.se, it seemed renmrkable that .satisfactory circulation to 
the limbs could have been maiutaiued after ligature of both common iliac arteries 
and the aorta above the inferior mesenteric artery. The large bowel undoubtedly 
obtained its blood supply from anastomoses with the branches of the middle colic 
artery. It must be concluded that the circulatory system possesses an amazing 
power of adaptability, at least in the lower part of the body, if partial interrup- 
tion of the blood flow i.s accomplished as a preliminary measure. To my knowl- 
edge this is the first time that the aorta and iioth common iliacs have been ligated 
in the human being, with success as regards adecpiacy of the circulation. 
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Fig. d. — This is a sagittal section through the aorta ami aneurysm showing the 
organized clot in the shrunken aneurysm, constricting fibrous tissue, silk, ligatures, 
new aneurj'sm, and point of perforation. Also note relation to renal arterie.s. 


ANALYSIS OF PRKYIOliS CASKS 

V'aughan,'' in 1921, reported jjartially Ofcluding- the aorta below the 
origin of the inferior mesenteric artery for an aneurysm lying above 
the origin of the superior me.senteric artery in a 39-year-old man. At 
Halstead’s suggestion he used cotton tape and the patient survived 
for two year.s and one month. It is difficult to see how this procedure 
would have a beneficial effect on an aneurysm proximal to the ligation. 
Rather one ivould expect a deleterious effect. 

In April, 192.1. ilatas' completely occluded the aorta below the in- 
ferior mesenteric artery in a woman, aged 28 years, for a leaking 
aneurysm of the terminal aorta. This was the fir.st reported clinical 
cure of an aortic aneurysm by proximal ligation. The aorta wa.s oc- 
cluded by two cotton tapes. For the fir.st week the patient was in a 
precarious condition, which Avas relieved, in the opinion of jMata.s, by 
the relaxation of the tapes and return of partial circulation througli 
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the aneurysm. She died of progres.sive pulmonary tuberculosis one 
year, five months, and nine days after ligation, and at autoirsy there 
was complete consolidation of the clot and .shriidtage of the aneurysm. 
It is probable that a preliminary partial ligation would have avoided 
the stormy postoperative eour.se of this patient. This, of course, would 
not have been feasible because the aneurysm had already begun to 
give way. 

Watts,® in September, 1923, described a woman 60 yeai’s of age with 
a lower abdominal aneurj'sm ti-eated by ))ai-lial occlusion with cotton 
tape below the superior mesenteric artei-y. The patient lived three 
and one-half years. In 1926, Brook.s' ligated the aorta distal to the 
inferior mesenteric artery iii a man aged 59 years. The ailery was 
completely occluded with fascia lata and heavy silk distal to the fascia. 
Brooks was convinced that considerable collateral circulation had been 
built up before operation, accounting for the absence of symptoms in 
the extremities following operation. Death from intestinal obstruction 
resulted after three months. Autopsy .showed the aneuiysmal sac com- 
pletely obliterated by clot, and the aoi-ta completely obstructed at the 
site of ligation by a well-organized thrombus. 

LaRoque,® in 1930, reported partially occluding the distal abdominal 
aorta with tape and heavy silk in treating an aneurysm of the right 
common iliac artery in a patient 30 years of age. She was alive and 
greatly improved at the end of fourteen months. 

The case described by Bigger,^ in 1940, is unique because of, the 
rarity of the lesion and the truly remarkable skill which effected a 
cure. He treated a ruptured aneurysm of the lower aoi’ta, I'esulting 
from a gunshot wound in a youth 25 years of age, by complete proxi- 
mal ligation with fascia lata and subsequent endoaneurysmorrhaphy. 
The feature of interest is that there was complete paralysis of both 
lower extremities of about two weeks’ duration following complete 
occlusion, this graduallj^ clearing over a two-week period. Obviously, 
it was necessary to occlude the aorta completely above the fistula be- 
cause of the acute hemorrhage. However, the case demonstrated that 
complete occlusion, even in a healthy young adult, .should be avoided 
if possible. 

In 1940, Elkin® described partial occlusion of the aorta distal to the 
inferior mesenteric with cotton tape in a male, aged 50 yeai's, with 
relief in symptoms and deci-ea.se in size of the aneurysm. 

DISCUSSION 

Thus we see that of these seven patients only three had total occlu- 
sions done in one stage. In the other four operative .survivals partial 
occlusion had been done. In two of the cases of total occlusion in one 
stage, those of Matas and Brooks, eollatei-al circulation existed at the 
time of operation. Matas states that collateral had been well estab- 
lished, and Brooks felt that a similar situation — both common iliaes 
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had been partially obliterated — was responsible for the benign course 
and cure of his patient. Whether or not collateral Avas present in 
Rigger’s case is questionable. At any rate, the early postoperatiA'e 
reaction of his patient, paralysis of both extreiiiities, suggested that 
only his youth and vascular adaptability alloAved him to survive. In 
the earlj' eases from the time of Cooper to 1920, patients Avho did not 
die of hemorrhage died of shock. This was no doubt due to the fact 
that total occlusion in one stage is not well tolerated by man. 

The comparatively benign course of the patient I haA'o described 
after a two-stage complete occlusion of the aorta, Avould seem to estab- 
lish the fact that in tlie region of the lower abdomiiial aorta, at least, 
an occlusion in stages is distinctly feasible. It Avould seem likely also 
that many oldei- patients could withstand total occlusion in stages 
from the standpoint of circulatory efficiency. 

Gage” has stated that “all eases that have survived ligation with 
tape have demonstrated both clinically and at autopsj" that the lumen 
has been partially restored.” Brooks staled in 1926, “ligature of the 
artery proximal to the aneuiysm as everyone knows, is usually not a 
satisfaetorj’- cure of aneurysm.” If cure resulted in the cases of Matas 
and Brooks because both common iliacs were at least partially oblit- 
erated, I have .shoAvn that these conditions can be produced by de- 
liberately dividing and ligating these vessels. It is difficult to conceive 
of • circulation being re-established in my patient through the carti- 
laginous ring found proximal to the aneurysm, and of course, circula- 
tion from below could not be re-established with the iliacs divided. 
It Avould seem that proximal obliteration could very Avell eui'e aneur- 
ysms if material or a method could be obtained whereby healing of the 
vessel by fibrosis would occur without weakening of the vessel by the 
pressure of an oeclusiA'e band. 

The pressure of the proximal rubber band in the case I have re- 
ported undoubtedly caused the small aneurysm just above the band 
on the i-ight side of the aorta. Likewise pressure of the band caused 
the eventual perforation. Furthermore, in 28 of 75 dogs operated 
upon bj’- Owings, the rubber bands cut through the vessel. It would 
seem fair to conclude that rubber is not a safe material with which 
to occlude the aorta. OAvings states that it does not seem likely that 
aneurysms in man can be successfviUy treated by pi-oximal ligation, 
because of the likelihood that the vessel Avails are diseased and unable 
to tolerate ligation. It is Avorthy of note, hoAvever, that in the cases 
of Vaughan, ilatas. Watts. LaRoque, and Elkin, cotton tape Avas used, 
and in none of these did the tape cut through the A^essel Avail. Slatas 
demonstrated histologically that cotton tape is Avell tolerated by the 
tissues of the aortic Avail. In his ease no ulcerative, thrombotic, or 
necrotic changes Avere observed beneath the tape. Three of these 
eases Avere due to syphilis of the aorta and presumably the vessel Avas 
not entirely healthy. These patients Avere not all young — one Avas 
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39 years ol‘ age, one 59, and one 60. The patient I have reported was 
49 years old. These facts suggest that cotton tape is the best material 
for pi-oxiinal ligation at the pre.senl time. Tape could certainly be 
used in the preliminary pai-tial ligation, and it is likely that cure 
would result with a second occluding ligation with tape and division 
and ligation of the iliacs. It seems clear, however, that a more physio- 
logic technique .should be developed for permanently oeeluding the 
vessel than the use of strangulating ligatures. 'When we consider the 
aorta as a living structure it is immediately realized that the blood 
supply on which we are dependent for repair and permanent healing 
has been compromised by thi.s procedure. Possibly a preliminary par- 
tial ligation with cotton tape, then division of the vessel at the second 
stage, traumatizing of the intima and suturing its surfaces together 
with parallel rows of fine sutures, or some similar procedure, would be 
the answer. J. S. Horsley, Jr.,’‘* has .shown that vessels heal with 
greater degree of fibrosis when they are divided, receiving additional 
nutrition from the surrounding tissues. This ju'oblem still awaits 
solution, 

SUM .MARY AND COXCLU.SIO.NS 

A case is reported in which the aorta was occluded i)i stages by rubber 
bands pro.ximal to an aneurysm with division of both common iliac 
arteries. The patient lived approximately five months from the time 
of the first ligation. Seven cases of aortic ligation are reviewed. -Of 
the.se. there were four partial and three total occlusions. Of the three 
total occlusions, three patients had collateral established at the time 
of operation and the third had alarming paral 3 'sis of the extremities 
following ligation, and survived probably because of his youth. 

Occlusion of the lower abdominal aorta is feasible. Purthermoi-e, 
man will tolerate division of both common iliacs after ligation of the 
aorta. Cotton tape has been demonstrated as the least noxious mate- 
rial for ligation. It seems reasonable that ligation in stages with cot- 
toir tape, plus ligation of both iliacs. should cure aneuiysms of the 
lower abdominal aorta. 
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THE PHYSIOCHEMICAL DISTURBANCE IN A SEVERE BURN*' 


Bernard J. Figarra, M.D.,i and Emil A. Naclerio, ^[.D.i 
Brooklyn, N. Y. 

(From Ihc Dcparlmrni of Surpcry, Kings County Bospital) 


INTRODUCTION 

U NIVERSAL ititeresl in the subject ot bums has always captivated 
the attention of surgeons. The voluminous literature on this 
subject clearly indicates that interest is never waning. The majority 
of authors writing on this subject concern themselves with definitive 
treatment, the associated shock, fluid balance, and similar to])ics. The 
most neglected phase of the burn problem has lieen the physiochemical 
disturbance produced by tissue destruction. The changes reflected in 
the circulating blood due to severe burns in a human being have been 
studied rarely. Mo.st of the data known to ns have been gathered 
from animal experimentation. In the treatment of burns the oppor- 
tunity and facilities were available to us on one occasion for a detailed 
and continual physiochemical observation of a severely burned patient. 
In view of the fact that few complete chemical analyses have been 
made in clinical burns, the following case report was considered sig- 
nificantly valuable. 


CASE REl'ORT 


The patient was a PJ-j’eai'-oicI white male employee of a public utility com- 
pany. While worhing at the top of a forty-foot pole, his clothing became inflamed 
from sparks which arose from the wire he was repairing. By the time he reached 
the ground his clothes were a mass of flames. His clothing was removed and 
tannic acid applied to the body surface by members of the fire department. He 
was then taken to the hospital. 

On admission the patient was in clinical shock from diffuse burns involving 60 
per cent of his body surface. There were third degree burns of both thighs, sec- 
ond and Ihiid degree of right arm and forearm, and first and second degree about 
both ankles. In addition he had a fracture of the left ankle. At this time his 
temperature was 09.6° S’.-, pulse, 120 -, respirations, 26', blood pressure, 90/50. 

Nine hours after admission the patient had responded sufficiently from shock 
to permit treatment of the burn. One hundred cubic centimeters of whole blood 
were taken for study immediately after entrance. For the fir.st sixteen hours 
blood chemistry studies wei-e done every four hours. Thereafter complete studies 
were made every day. On the seventh postburn day the only available vessel for 
obtaining a blood sample was the internal jugular vein. Tliis was due to the fact 
tliat the burn areas prevented the use of many vessels, others became thiomho.sed, 
and on tliat day the patient became edematous. 

On the nintli postentrance day the patient’s temperature rose to 102° F., and 
iie became delirious. Two days prior to this a toxic erythematous rash become 


•Pre.‘-entatiou of tliis case is martc possible througli tlie kiiulness and cooperation 
of Kaiim I-. Harioe, M.D.. F.A.C.S., Assistant Clin*c;iJ P/ofessor of Surfrerv. Lonff 
Isiand ColleCe of Medicine. Brooklyn. N. Y'. 

tFellow in SuiBcry, Lality Clinic, Boston. Muss. 

tFeilow in Thoracic Surgciw. under Dr. K. H. Ovcmolt. Riooklinc, Mass. 

Uccclied for pnblk-ation. May 12. 1941. 
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visible on the nonbunied skin surfaces. The patient expired on the tenth hospital 
day in spite of the general thcrapj' of 'whole blood, plasma, fluids, adrenal cortical 
extract, vitamims, chemotherapy, proteins, and local treatment of the burn areas. 



o = 1st DEGREE O = 2nd DEGREE X = 3rd DEGREE 

Fig. 1. — Cliart illustrating porcentage of body surface burned according to degree of 

the burn. 


Avtopsy Findinys.—We were fortunate in this instance to secure an autopsy.* 
The anatomic findings tvere as follows: 

1. Primary diffu.se tliird degree burns of the head, chest, back and upper 
and lower extremities 

2. Pyoderma with ulceration 

3. Bilateral acute and chronic interstitial pyelonephritis and nephrosis 

4. Bilateral adrenal hemorrhage 

5. Passive congestion of the liver 

6. Hemorrhagic cystitis 

7. Acute tracheitis 

S. Ulcerative esophagitis 

fi. Ylucosal hemorrhage throughout the gastrointestinal tract 

UK t'ardiac hypertrophy with right ventricular dilatation 

11. Pulmonary edema 

12. Chronic eholecj’stitis with calculi 

The significant pathologic findings were revealed in the study of the skin, kid- 
neys, liver, and adrenal glands. Of these four organs the most interesting find- 
ings were noted in the kidneys. 

Grossly the kidneys were extremely huge. The right one weighed 470 Gm.; 
the left, 380 Gm. The capsule was thin and stripped easily. The underlying 
cortical surface was reddish brown in color with readily demarcated cortex and 
medulla. The glomeruli were grossly prominent. 

•Permission for necropsy study was obtained through the efforts of Dr. Robert 
P. Barber, Professor of Clinical Surgery, Dong Island College of Medicine. 




FICARK.V .\JS:r) XACI-ERIO: SKVJ'.RK BURN'S 


531 


Iilicioscopic exsiminatiou of tlie kiclneys demonstrated the glomerular spaces to 
be distended with albuminous deposits. The cytoplasm of the tubular epithelium 
had a giouiid-glass appearance, especially in the proximal convoluted tubules. 
Alany tubules contained albuminous material. A marked interstitial edema ■with 
scattered localized areas of hemorrhage was present. The renal pelvis, medulla, 
arrd isolated cortical regions showed dense collections of lymphocytes, irlasrna cells, 
arrd fibriir. The capillaries showed a ptotroitnced dilatation and engoi’gemcnt. 

Pathologic histology of the liver showed a generalized dilatatiorr and engorge- 
ment of the sinusoids. The liver cells indicated passi^e congestion. Lymphocytic 
rrests with occasiortal polymorphorurclears were scett about the portal regiotr. 

The adrerral glands retained their rrornml histology, llouevcr, the zona reticu- 
laris of the medulla contained hemorrhagic areas. The cells had a coarse ground- 
glass appearartce. Marked interstitial edema was seen in all the zones of the 
medulla. 



Ftg-. 2. — Photomicrograph of kidney showings albuniinoirs material in tubules and in- 
terstitial hemorrhage. Some tubules contain red blood cells. (xlOO.) 


GENEK.tL DISCUSSION ON CHEMICAL CH.\NGES 

It has been generally accepted in the past that in extensive burns 
a toxic state results due to injurious elements produced by burned 
tissues. The quantitj’^ of liberated toxic substances which passed into 
the circulation was believed to be jiroportional to the extent of the 
burn. The exact nature of this toxic substance has ncAmr been deter- 
mined. Formerly it was thought to be derived from the albumin of 
the cell and Avas suspected to be a polypeptide. Death Avas attributed 
to toxic physiopathologie alterations in the internal organs due to this 
proteid substance. 

Our experience AA’ith burns has led us to belicA'e that the question 
cannot be ansAvered simply by stating that toxicity is the cause of 
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physiologic dj^sfunetion. Heretofore mininial consideration has been 
given to the physio chemical changes in burns. In 1924 Davidson 
studied intensively the sodium chloride metabolism in buims.^ This 
was the first time that an evaluation of the blood chemistry found a 





Fig*. 3.— Section of liver demonstratingr central veins congested red blood 

cells. Collections of lymphocytes are seen about portal areas. Evidence of passive 
congestion is present. (xlOO.) 



Fig. 4 . — Adrenal gland showing marked hemorrhage in the zona reticularis. (XlOO.) 
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pvoniiiieiit place in the discussion of Imriis. lie found a sif^nificant 
lowering of the chlorides wliich was believed to be due to a lowering 
of plasma chlorides below the renal threshold rather than to a primary 
kidney change. It Avas further observed by him that the chlorides did 
not fall immediately after the burn but diminished progressively dur- 
ing the first few days. 

Harkins believes that find nation in the blood chloride values is more 
pronounced than blood sugar changes.- Chloride changes are attrib- 
uted to a selective permeability of the burned capillaries for smaller 
molecules. Scudder studied a .severe burn case as to chlorides.^ These 
values Avere slightly above normal on admission of the patient and 
Avere so maintained. On the fourth day a decrease beloAv normal oc- 
curred. By the eighth day, the chloride values reached a small peak. 
Roughly, the changes in chloride concentration paralleled the fiiictua- 
tions in sodium.^ Accentuated interest has been given to sodium in 
cases of severe burns. Pox, in a recent publication, has stressed the 
importance of sodium in the rational treatment of the burned patient.'* 
The alterations in plasma protein values Avith a shift in the albumin- 
globulin ratio and its association Avith the production of edema have 
been emphasized recently. This has been attributed to the loss of 
blood fluids through the burn areas. It is believed that in such cases 
albumin may be lost in slightly greater quantities than globulin.^ 
Observation of the blood chemistry during burns by Beck and' 
PoAvers Avas the first evaluation of the nonprotein nitrogen.® These 
observers noted an increase in nonprotein nitrogen. In later postburn 
studies a rise in ereatinin and ui-ic acid Avas. recorded. The increase 
in these products Avas attributed to renal tubular damage.® 

All AAwiters experienced in the management of burns recognize the 
initial hyperglycemia. This elevation of blood sugar has been at- 
tributed to adrenal stimulation. The rise and fall of the blood sugar 
leAml parallels the degree of hyperadrenalism. Fatigue of the adrenal 
glands and the exhaustion of adrenalin secretion are reflected in the 
diminution and rapid fall into a lethal hypoglycemic state. 

Evaluation of blood concentration and acidosis have been stressed 
in burns. liemoeoncentration almost ahvays folloAvs a burn. This 
state results from fluid loss from the burn surfaces and the retention 
of fluids plus crystalloids Avithin the body tissues. Such hemoconcen- 
tration is either a cause or a result of some serious disturbance in tlie 
physiologic regulation of the human body.® Since 1903, Avhen Stockis 
called attention to a decrease in the carbon dioxide content of the 
blood folloAving experimental burns, the tendency toAvard acidosis in . 
these patients Avith burns has been recognized."' This finding has been 
corroborated by many subsequent inAmstigators. Lam (1941) observed 
a decreased carbon dioxide combining poAver as Ioav as 20 to 25 vol- 
umes per cent in patients aaIio died.® These are among the loAvest 
values recorded in the literature. He further observed no beneficial 
effect from the administration of sodium bicarbonate to .such patients. 
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Thus in brief is the present concept of the physiochemical back- 
ground in diffusely burned patients. The elucidation of this problem 
has been accelerated in recent decades, although the answer has not 
been reached as yet. Jlany burn researchists have giA-en minimal con- 
sideration to this problem in spite of the fact that interest in blood 
chemistry alterations in burns was recorded as early as 1863.® 

j'ROBLEJi 01' rnuio i 5 .in.vxcE 

The major concern in the treatment of burn shock is the adzninis- 
tration of intravenous fluids that will re.store the blood volume and its 
physiologic components to near normal level. The preference for 
pla.sma is based upon the fact that extensive burns are followed bj' 
exemia and cellular concentration of the blood. Harkins devised a 
simple method of calculating plasma dosage. His formula is to give 
100 c.e. of plasma for every point the heznatoerit is above the normal 
of 45.- 

Engiish authors have employed sodium bicarbonate infusions with 
the objective of combating acidosis. When this solution is employed, 
the danger of azotemia from alkalosis is to be remembered. It has 
been stated that “Intravenous injection of crystalloids such as sodium 
chloride should be avoided for they are quickly lost from the circu- 
lation, carrying witli them a part of the plasma.’’^® A statement sucli 
as this is worthy of notation even if it is open to debate. 

As a result of hemoeoneejitration. acidosi.s, azid sluggish pulmonary 
circulation, oxygenation of arterial blood becomes increasingly in- 
efficient. “Tissue anoxia ivith a compensatory hypeiwentilation occuivs 
which increases the rate of fluid lo.ss. This in turn produces a reduc- 
tion in plasma volume and the hejzioconeentration increases. With 
this thought in mind, “the beneficial effect of transfusions in burned 
patients in all probability is due as much to the additional oxygen- 
carrying material thus supplied as to the replacement of lost serum 
protein and blood electrolytes. 

The use of whole blood has added value in the treatment of the 
anemia associated with burns. The development of secondary anemia 
occui’s after the first or second week, especially in third degree burns. 
These burns with raw granulating surfaces are associated with blood 
loss due to infection and small local hemorrhages. Another etiological 
factor in the production of the anemia may be a toxic depression of 
the Imne marrow. As a result of the disturbance in capillary per- 
meability in these traumatized tissues and in the gastrointestinal tract, 
an extravasation of blood serum with many red cells occurs. Where 
diffuse ga.stroiiitestinal hemorrhage occurs, an additional loss of blood 
results. 

The work of Schievers indicates that due to red cell destruction or 
other factors, a decrease in red blood cells occurs soon after a bui-n.’' 
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“The important fact about Scliievers’ data is that the decrease in 
l)lood volume was jireatei' than the plasma loss would account for and 
must he accompanied by a decrease in red cells as well. 11 has been 
said that transfusion is not indicated in burn shock since the blood 
is already concentrated. Jt is to be pointed out that the presence of 
a high blood concentration would not be a valid argument against 
transfusion. This is true because the donor blood is dilute in com- 
parison to the patient’s blood. 

. CASK DISCUSSION 

With the aforewritten background we are prepared to discuss the 
information revealed in the data acquired from the case presented. 

Our observations have led us to believe that an evaluation of the 
blood chlorides is extremely important. It cannot be definitely stated 
that the most important ion is the chloride ion or -whether the sodium 
ion is the one to be stressed. Scudder emphasizes the fact that a rise 
and fall in chloride values parallels the alterations in sodium values.” 
Fox has stressed most emphatically that the sodium ion plays the mas- 
ter role in the electrolyte balance.'' Which ion has the major role 
cannot be stated at present. Immediate treatment of incipient burn 
shock with chlorides and sodium may be changed according to the 
work of the authors just mentioned. 

In the ease presented changes in the blood chlorides were not very 
remarkable. However a significant fall in value occurred on the fifth 
postburu day (from 600 to 480 mg. per cent). This fall on or about 
the fifth day has been noted by other observers.”’ ■*’ This suggests 
that the critical period in ionic disturbance may occur on or about 
that day. Such profound alterations may indicate a “break” in the 
biochemical compensation on the part of the human body. On this 
day especially an evaluation of the blood chlorides and sodium seems 
to be of paramount importance. The administration of large volumes 
of sodium on this day may be the necessary factor in the prevention 
of biochemical decompensation. 

As a generality the value of sodium paralleled the chloride determi- 
nation. All the sodium values on all occasions were below the normal 
of 142. On the fifth postburn day a decided fall in the plasma sodium 
was noted for the first time: The value Avas 129.2. On the eighth and 
ninth days the values Avere loAver: 122.4 and 123.7, respectively. The 
fifth day corresponds to the period Avhen the biochemical decompensa- 
tion occurred. On the eighth day clinical cA’idence of the patient’s 
inability to maintain an adequate Ai’ater balance AV’as Ausible. 

On the eighth post entrance day the patient 'developed marked ana- 
sarca. This production of edema again reveals the importance of 
sodium and blood protein. No significant early alteration occurred in 
the total protein value, although a slight fall Avas recorded. Three 
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days before the onset of clinical edema a fall in total protein to 3.5 
Gm. was found. A low value persisted to the eighth ho.spital day. In 
this instance a fall in blood protein occurred several days before the 
onset of visible edema. A daily evaluation of the albumin-globulin 
ratio may Avarn against incipient edema. With this knowledge avail- 
able, edema may be avoided by means of ])rotein replacement therapy. 
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Fjg. 5 — Composite chait illustrating fluid balance in association with blood chemistry 
^aIues and hematocrit studies 


Another index of protein loss is e.stimated by the nitrogen excreted. 
Estimation of the blood urea nitrogen demonstrated a gradual, then 
a rapid, daily rise, finally reaching 90 mg. per cent on the tenth iiost- 
biirn day. The niti'ogen excretion Avas A'ery high so that the patient’s 
nitrogen balance could not be re.stored even though large volumes of 
proteins Avere administered. In this patient the total nitrogen loss 
could not bf calculated exactly. This Aims due to the fact that much 
nitrogen A'as lost through the feces and through the burned skin areas. 
Toxic destruction of protein is usually attributed to feAmr in the 
burned patient. In addition to fcA’cr. other factors associated Avith 
nitrogen metabolism must be sought foi protein destruction in diffuse 
burns. 


Table I 

Bksolts of Daily Blood Studies and Special Tests Pebeoumed in Case Presented 
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A second observation in reference to tlie Wood nitrogen stains w 
this patient vas tliat it pointed to a renal derangement. A preni-emii; 
state maj' have existed in spite of the aderjnate output of urine. 
Urinalyses failed to reveal any unusual findings. 

The disturbed carbohydrate metabolism in this patient was i-eflected 
in the study of the blood sugar. A review of the blood studies demon- 
strates an immediate hypei-glyeemia of Sfil mg. per cent. The hyper- 
glycemia gradually diminished, returjiing to normal eighteen hours 
after admission. The immediate hyperglycemia following this severe 
burn suggests that glycogenolj'sis can occur which may deplete the 
liver of its glycogen reserve. It is logical, therefore, to administer 
glucose in order to replenish the liver glycogen, in spite of the exist- 
ing hyperglimemia. 

Associated with the blood sugar determinations ai’e the adrenal re- 
lationship) and the problem of acidosis. The parallelisni between the 
fluctuating blood sugar and the patliologic ehnnges in the adrenal 
glands has been studied intensively bj"^ others.^^ Tlie gradual-develop- 
ing adrenal insuffieienej' leads to blood ])ressure alterations in addi- 
tion to disturbed carbohydrate metabolism. Often this irreparable fall 
in blood pressure occurs on or about the fourteenth day and is a con- 
tributing death-producing factor due to adrenal exhaustion. 

The problem of acidosis in burns gives rise to the assumption that 
the disturbed cai'boh}xlrate metabolism may be interpreted as the un- 
derlying cause. The possibility presents itself that the so-called burn 
“toxicity” may be an expression of some intermediary metabolism 
leading to acidosis. 

In our patient the carbon dioxide combining power eight hours after 
admission was 48.5 per cent. Eight hours later the value was 41.9 per 
cent, showing a tendency toward acidosis. This tendenc.v continued. 
For the third and fourth postburn days (a rveek end) no facilities were 
available for eai’bon dioxide determinations. At this time the patient 
was given citroearbonato, 1 dram eveiy four hours for twenty-foui" 
hours, plus 100 e.e. of lactated Einger’s solution. On the fifth post- 
burn day (a llonday) the carbon dioxide combining power rose to 
84.3 per cent. This demonstrated that our patient had alkalosis. With 
the knowledge of Lam’s work at our disposition, we were at a loss 
to explain this phenomenon,” for it will be I'eealled he wrote that no 
beneficial e*’’V> ^s could be found by administering carbonates in burn 
aeidosi'-. as then thought that the fifth day maj' again be incrimi- 
nates s .ne critical period in the ability of the bod 3 ' to combat a 
ph.vsioehemical decompensation. 

As a general statement it maj' be said that hemoconcentration de- 
velops soon after an extensive burn. The alteration in the blood con- 
centration and dilution v'as often considered as a prognostic sign. 
These changes in concentration and dilution have formed a basis for 
the administration of plasma. In the management of this patient we 
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followed as far as possible the method of Ilariciiis." Tlie hematocrit 
demonstrated hemoconcentration for the first five days. Thereafter 
heraodilution was present until death, llematoci'it evaluations alone 
are not accurate indices. Such evaluations ai-e more useful Avlien em- 
ployed in association with a red cell eounl. hemofilobin determination, 
and a knowledge of the urinary output. 

Blood picture studies revealed tlie onset of anemia within eighteen 
hours after injury. Hcmoglolnn values fell from 15.5 Gm. to 15 Gm. 
to 10.5 Gm. within these hours. During tliis time the hematocrit failed 
to demonstrate any deviation from tlie normal ratio. 

On the sixth postburii day melena was noted for the first time. In 
A-iew of the autopsy findings this can be attributed to gastrointestinal 
hemorrhage. On the seventh po.stburn daj^ the patient’s bowel moAm- 
inents Avere very bloody and continued to be so until death. On the 
seventh day a rash developed OA'er the normal skin surfaces. Derma- 
tologic consultation labeled the rash as a toxic erythema. The question 
is brought forward as to whether or not this toxic erythema Avas not 
subcutaneous hemorrhage corresponding to gastrointestinal hemorrhage. 
When the initial rectal bleeding AA'as obsei'ved, a marked anemia Avas 
present. The red count Avas 2,200,000; the hemoglobin, 10 Gm. Both 
values Avere persistently Ioav until death. 

The low blood count and hemoglobin indicated that the oxygen- 
carrying capacity of the blood Avas one-half its normal potentiality. 
On the sixth day the patient had respiratoiy distress A\'hich demanded 
oxygen therapy. This distress AAms attributed to ischemic anoxia re- 
sulting from the lowered red cell A’olume. 

Observation of this patient has shoAvn that a shar}) and sudden rise 
or fall in the red cell count and hemoglobin should suggest the neces- 
sity for additional fluids, plasma, or Avhole blood as indicated. Ot^er 
a ten-day period this patient receh'ed a total fluid intake amounting 
to 41,920 c.e. Of this total, 16,200 c.e. Avere given parenterally. The 
solutions used Avere as folloAvs : 

Glucose in saline 5,000 c.c. 

Glucose in Hartmann’s 1,200 c.c. 

Plasm.a 6,900 c.c. 

IVliole blood 3,100 c.c. 

16,200 c.c. 

NotAvithstanding the continual observation and treatment of this pa- 
tient, he succumbed to the injury ten days after the accident. In a 
search for the cause of the patient’s death the five major causes of 
death in severe burns Avere considered. These are shock, infection, 
hepatic insufficiency, adrenal exhaustion, and renal failure. Death in 
this instance could not be assigned to shock or infection. The cephalin 
flocculation test on seA en occasions AA'as negatiA’^e. The icterus index 
Avas 3.5 on three successive days; a slight fall in cholesterol esters Avas 
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noted. These affirm that tlie liver function was apparently satisfac- 
tory. Autopsy studies sulistantiated the fact that the liver Avas not 
the cause of death. 

Death may ])e attributed to adrenal exhaustion and renal failure. 
These organs are indicted in view of the blood chemistry studies, the 
phenosulfonphthalein test on the last four daj’-s of life, and the path- 
ologic changes found in these organs at necropsy. 

This ease has emphasized that the intelligent inanagement of the 
severely burned patient demands dail}”^ biochemical diagnostic studies. 
The facility with which an altered physioehcmieal state occurs merits 
constant checking of the blood ehemistix Therefoi'e it can be stated 
that biochemical determinations are eriually as important as thera- 
peusis and the definitive treatment of the severely Inirned. 

SUMJI.ARY AND COXCUUSIOXS 

1. Metabolic and chemical data are presented in a ease involving 
fatal burns. 

2. This ease illustrates sodium chloride changes, hypoproteinemia, 
destruction of Ijody protein, alterations in carbohydrate metabolism, 
and hemoeoncenti’ation. 

3. The acidosis which usually accompanies the burn .syndrome Avas 
absent. An unexpected alkalosis oeeuri-ed folIoAving the administra- 
tion of eitrocarbonate on the fifth ijostburn day. 

4. Emphasis is placed upon a study of the blood chemistry on or 
about the fifth day. At this time a break in the biochemical harmony 
occurs. This discord is manifested in an eleA'ation of the end in’oducts 
of nitrogen metabolism associated Avith a fall in serum proteins, plasma 
sodium, and blood chlorides. 

5. In the ti'eatment of this patient, 16,200 c.c. of fluids AV'ere admin- 
istered parenterally. Of this amount, 6,900 c.c. Avere plasma and 3,100 
c.c. were Avhole blood. 

6. Death on the tenth day Avas attributed to adrenal exhamstion and 
renal failure. 

7. The major factor leading to the cause of death in bui'iis has not 
])een established satisfactorily. It is belicA'ed that a seA'erely burned 
patient dies of physiologic exhaustion. Therefore a study of the 
organs involved in this distiu'bed physiology (liver, kidneys and ad- 
renals) Avill assist in the elucidation of the problem of the unknoAA'ii 
lethal factor. 

8. Herein .les the intrinsic Amlue of serial studies of the physioehem- 
ieal ehange.3 in the burned body as reflected in altered blood chemistry. 

9. The exhaustion of the aforementioned basic physiologic organs 
may be the cause of death A\dien. after the second Aveek, the patient 
seems to be improving. 

10. This somatic distre.ss is emphasized because during the third 
Aveek the initial danger apparently has been overcome. The anxious 
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surgeon considers the patient sufiiciently improved for a skin graft. 
However, the disturbed clieniistry has not been restored. In the pres- 
ence of this metal)olic discord, the administration of an anesllietic plus 
the surgical procedure may be sufficient to cause death, 

11. In view of the pi-esonted facts, the thought is advanced that re- 
peated examinations of the blood are nece.ssary guides to the intelli- 
gent management and treatment of the sevei-ely burned patient. With- 
otit these studies one cannot know whether or not the desired results 
are being achieved. 

12. Whenever possible the laboi-atory studies should include a daily 
red blood count, hemoglobin, urinaly.sis. and blood ehemi.stry determi- 
nations (proteins, sodium, chlorides, nonprotein nitrogen, icterus in- 
dex, and carbon dioxide combining power). 

We ivisli to express our gratitude to Dr. 8. Potter Bartlej', .A.s.si.staiit Clinical 
Professor of Surgery, Long Lsluiul College of Jrcdicine, for his guidance in the 
clinical nianagenrent of the patient described in this report. Additional indebtedness 
is acknowledged to Mr. John C. Knight for his cooperation in the production of 
the charts and pholoniicrogr.aph.s. 
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LEOXTLVSIS OSSEA CO.^rPLICATED BY .MARJOLIX’S ULCER 

OE.-5ERVATIOX OF A Ca?E FOR TwELre TE-\RS 

Ray E. Bcroer. il.D..* ''i\*ELCH. "W. Va.. axo Edwix P. Lehjiax, M.D. 

Charlotte.':\ilee. Ya. 

/From the Dtparlintvi of Surfjeru and Gmfcolony. FtnvtrMtv of Firyipia School 
of Mffliciju. CharlottcsriUf , Va.) 

\ 7 IRCH(.)V\'.* in applied an old tei-ni. leontiasis. which had been 
^ used to designate Jiodular changes in the soft parts of the face of 
the leper, to cases pre.senting hyperostosi.s of the sknll. adding the 
adjective, os-sea. The term leontiasis ossea is descriptive of appearance, 
not of patholony.^ ilo.st early reports of the disease are on museum 
.specimens, about which clinical data are meager. The firat of these was 
in 1700 by Malpiglii in the Opera Poaflmnut. The present paper i-eports 
an instance of leontiasis ossea. seen fii-st in 1930 and last in 19'12. com- 
plicated by epidermoid carcinoma arising in a buccal fistula of .seventeen 
yc-ai-s' duration. 

Clinically, leontiasi.s ossea i.s characterized by slowly developing bony 
deformity of the face usually beginning in early life. There need be no 
other .sjmptoms and sisns unless the bony ovei-grou-th impinges on the 
air passage-s of the face or upon various cranial nerves, in which ease 
corresponding symjJtom complexes will develop. The syndromes result- 
ing fi-om encroachment on the.se stj-nctiire-s bear the g'^neral name of 
cranio.s-teiuisis. 

In addition to uifectious around the nose. .sinuse.s, and teeth, toxins, 
syphilis, tianma. and endocrine dysfunction have been proposed as 
ctiologie auents. The malad'" has been eomjiared 'vith acromegaly and 
wth Paset 's disease. In leontiasis ossea the pathologic process is limited 
to the b-me.N. whereas in acromegaly, both soft and osseous tissues are 
invulvfd. Patret's disease occurs at an advanced age and is .seldom 
^H-alizcd til tile head. Boyd.’ however, has stated that leontiasis ossea 
and Paect's ll'^teiti^ defortnans are expre-ssions of the same disease. 

E Ic'.r im In Xv leontiasis ossea ainons the fibro-osseous tumors of the 
•'knil aiid I .end bniie.s under the general term of ditfuse osteomas. He 
regards them as true benign tumors, but admits the possibility that in- 
fection and Trauma may act as irritative factors to initiate the process. 
The characteristic changes are the replacement of the bone marrow by 
fibrous tissue and. later, an excessive formation of new bone in this 
fibrous tissue. 


•Grace Hospital. 

Eeceired for publication. Alav 12, 1£U4. 



BURGER AND LEHMAN: LEONTIASIS OSSKA 


543 


In 1923. LawfonI Kna”:gs''' collected thirty-iour caso.s, and reAuewed 
the subject in detail. He divided the disease into cases of chronic 
periostitis, spreading slowly fi'om bone to bone, to which the title 
of “creeping periostitis of the bones of the face and , skull” Avas given, 
and cases of “diffuse o.steitis of the bones of the face and skull.” The 
periostitic form has its origin in the nasal fossae or sinuses, with large 
deposits of neAv .sAibperiosteal bone as the inflammatory proee.ss cj'eeps 
from bone to bone. The osteitic fojan Avas diA'ided into (a) general, 
(b) circumscribed, or (c) local. The inflammatory changes Avere con- 
sidered to be ill the medullary portions of the bones. Knaggs belicA'^ed 
the latter A-ariety to be osteitis fibrosa affecting the cranial and facial 
bones. This opinion Avas oxpre.ssed before the relationship betAveen 
hypei'parathyroidism and osteitis fibrosa cystica Avas understood and 
is, therefore, the rc.sult of clinical and pathologic obserAUition only. 

The disease usually affects the maxilla, malar bone, ethmoid and 
nasal bones, less frequently the sphenoid bone, parietal bones, and 
mandible, according to Jtlayer.® The involvement may be unilateral 
or bilateral. Euppe' rejiorted inArnh’-ement of the fir.st tivo cerAueal 
vertebrae. 

X-rays reveal a general thickening of the bone. Mayer® listed the 
roentgen signs as folloAvs: (1) There are considerable thickening and 
increased density of the bone, the thickening being intense and uni- 
form. (2) The surfaces of the affected bone are entirely smooth and 
sharply defined. (3) The disease does not go beyond the anatomic 
margins of the bone or of a part of the bone if the latter has developed 
from more than one bony anlage. 

Monti® has classified the disease as foIloAVs : 

(1) Leontiasis ossea facialis autonoma: This constitutes the true type 
of the disease, aft’ecting the young, represented by a slight productive peri- 
osteal change, beginning in the superior maxilla, limited in localization to 
the bones of the face and characterized by an extremely insidious progress. 
Histologicall}’ there is eburnation of the compact portion and of the spongj’ 
bone due to a disappearance of the osseous medulla. The nutrient vessehs 
maintain their activity in nourishing the new osteoblasts and osteocytes. 

In this form of the disease tliere is a definite lack of a corresponding ac- 
tivity of bone absorption. (2) Leontiasis ossea syphilitica: This type 
differs from the preceding form in that it extends to involve the entire 
skull very early in the disease. Inasmuch as this form also affects the very 
young, symptoms of cranio.«tenosis are frequent. (3) Leontiasis ossea 
craniofacialis of osteodystrophia fihiosts: More commonly this form, also 
occurring in the young, affects the interior of the skull, but it may also pro- 
duce the characteristic external deformity of the disease. It differs essen- 
tially from the other forms in that the process begins in the osseous medulla, 
wliich becomes fibrous, while the lacunas become resorbed and the super- 
fioial compact zone becomes localized where ihe osteoclasts are present in 
large numbers. (4) Leontiasis ossea of osteitis deformans: In this type 
the deformity results from a rarifjdng osteitis and a process of condensa- 
tion, which alternate. The latter is predominant and leads to an osseous 
hj-perostosis, which is characterized by an intense irregularity of the dis- 
position of the lamellar system. « 
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Leontiasis ossea is rare and coinplele post-mortem studies are even 
rarer. All opinion in lejrard to the etioloir.v ol the disease and the natuie 
of the patholofric process seems to be speculative, based on analogies v'itli 
other bone disturbances. A review of the literature is profitable only in 
furnishing data on the clinical manifestations and the anatomic extent 
of this curious condition. 

C\Si: RUPOKT 

G. T. jr (Hist. Xo. Shli'n), a aliite iiii'ii, aged SS teais. i\as adinitteil to t!ie 
Unnersify of Virginia Hospital Dec. 8, JUtO, vith a liisfoiy of lm\mg a \er\ 
large lower piw all of Ins life 

The family and past histones wcie iireleiant, except toi i fractiiic of the left 
teinnr in t!t20 repaired with a siUei jdate. 1'hcre was a fracture of the same 
hone in ]!>20 treated h> closed i eduction 



Fik 1 — I’hotouiaph of the patient in I9t0, lecCalnig the taige lowei jaw. 

The laige jaw gaiu him no discomfoit in earh life, hut progi esfeix clj giew 
larger as he grew older In April, 192.5, he started hating pain and sivelhng of 
the right side of the lower jaw, and heg.iii to expectorate pus and blood. This 
tram of symptoms continued until August of the same xoir, when he entered 
another hospital where some dead hone was ronicn ed from the jaiv, after w'hich 
he improied V sain an fistula lemained on tne right side. 

He had no further troiihle i itil fiie months hefoie admission, when he began 
haling pain and swelling ot the left lower jaw, with expectoration of pus and 
blood The smiptoms < ontinutd, and as the aching pain became \ ery severe, 
he came to this hospital for treatment 

Physical examiii ition revealed a laige, piotruding lower jaw which extended 
dow'mvard about ‘l rm and was 11 mi in width (Pig 1). There was a long, 
broad scar on the right side with a s,tli\arv (istula present in this region (Pig- 2). 
The maxillae also appeared prominent On inspecting the inside of the mouth, 
the floor was seen to be lengthened forw ird ’\fanv teeth were missing; those 
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present were dirty and carious. There wore seveial sinu.se.s from tlic infected 
left mandible opening tlirongli the imicons membrane. The .salivary fistula could 
be seen on the right side. The .superior maxillae were massive and protruding 
(Kg. 2). The frontal sinuses could bo transilluminated, the maxillary could not. 
The left leg was two inches shorter than the right. There wa.s a ten-inch .scar 
on the lateral side of the loft thigh, and the femur wa.s bowed laterally and 
anteiiorly. Physical examination revealed no other relevant abnormalities. 



Fig. 2 — Photograpti m 1930 showing massive enlargement of the superior maxillae 
and the opening of the buccal fistula. Note that the intcrmaxillar}' bone is appar- 
ently munvolved. (See Fig. 7 .) 

X-rays revealed a laige mass of osteoid tissue piojecting from the lower jaw 
at its anterior portion. The maxillae also showed marked dense new bone foi- 
mation piojecting into the antia (Pig. 3). A diagnosis of leontiasis ossea was 
made. Eoentgenograms of the calvaiium (Pig. 4), shouldei giidle, pelvis, and long 
bones levealed no abnoiniahties except for the old healed fiacture of the left 
femnr which showed some deformity, and two small cystic areas in the lower end 
of the left ladius. 

Laboratory study revealed no abnormalities of the blood or urine. The blood 
Wassenuann was negative. The blood calcium was 10.5 mg. per 100 c.c. The 
basal metabolic rate was plus 11. * 

While the patient was in the hospital, operation was performed on the left jaw 
at two different times, with removal hf neciotic bone. Pathologic study of the 
tissue removed revealed only osteitis. He was discharged from the hospital 
Jan. 20, 1931, with the left jaw impioved, and with instructions to return for a 
follow-up examination in several weeks. 

The patient was readmitted to the ho.spital, April 23, 1931, having had consid- 
erable trouble with the left jaw during the pienous month. - Examination re- 
vealed considerable swelling of the left jaw with draining external sinuses, large 
sinuses opening into the mouth, and a large piece of necrotic bone presenting. 
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This Tvas reBioved surgically. He fras discharged from the hospital May 5, 1931, 
greatly improved. 

He was not heard from again until six years later when he sent a letter to the 
hospital on an irrelevant subject. Following this occurrence, efforts were made 
to get him to return for follow-up study, but without siicee.s.s until .Tune 18, 1942. 



Fig. 3. — Roentgenogram in 1930 revealing tlie involvement of the .superior maxillae 

anO mandible. 



Fig. 4. — Roentgenogram in 1930 showing uo involvement at thi.s time of the ha.se of the 
skull or cervical vertebrae. Compare with Fig. 9. 

During the eleven years .since he wa.s seen at this hospital, the jaw had grown 
progressively larger, and the salivary fistula had remained open, A considerable 
amount of osseous tissue had sloughed from the ma.villae .several years previously. 
He had received no treatment of the jaw in the interval except for dressings. He 
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Figr 5 — Photogiaph in June, 1942, revealing the huge tumor of the light jaw, which 

was stony hard 



Pie (I — Lateral \ iei\ taken at the same time as Pig shov mg ulceration and tlic 
buccal fistula in which latei epidermoid circinonia was demonstrated. 
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had had a third fracture of the left femur three lears pnor to admission, "with 
clo«ed reduction. 

The tumor of the jau had groun coiisidcrabh larger in the past three tears, 
with a great acceleration in gronth during the past nine months. He had been 
able to trorh until then, but during the past nine months he had lost a great deal 
of Tveight and strength and had to go to bed one month pre\iou=h. 

Examination on admission, at the age of 30 tears, retealed the patient to be 
anemic and malnourished, tvith moderate edema of the feet. There ttas a huge, 
round, solid tumor extending from the loner j'ln donnnard, and resting on the 
chest (Fig 5). This tumor measured 32 b_t 22 bt 22 cm. and presented large 
superficial ulcerations on both posterolateral surfaces On the right sjde near the 



Uie T — Ph 'tjg^rai h -jKf-n aftei operation. June. lOtS retealmff tlie healingr Km 
n^uni thf p ninc' Mto tu antra anti the persistent intermaxiliart bone in nnicn 
tt\o ran cft- ''>rij>ai‘e with Fig^ 2 

t jnier i.t tiu n l . the liucial h-tula. V cm in diameter, the base filled with 
iiei rotif bmie in inulation and the fistulous tract into the mouth lined with 
a firm tissue ih it to be old granulation tissue (Fig. 6) The lower Iip was 
Xmlled forw ml 1 donnwtrd and the floor of the mouth lengthened forward 
The alveolar n Fe appetred to be ibout 6 cm in horizontal thichness and was 
continuous with the tumor mass The patient could not close his mouth. Where 
the maxillari prme-'es had sloughed there was a smooth mucosa lined tommuni 
cation between the latiti of the mouth and the antra and no'e (Fig 7). The 
patient kept wads of tissue p iper tucked in these openings The onh remaining 
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portion of the upper jniv was the intermaxillary process in .which there were two 
carious teeth. 

X-rays revealed a tremendous increase in the size of the sclerotic bone tumor 
of the mandible (Fip;. S), and some sclerotic bone involvement of the base of the 
skull and upper cervical vertebrae (Kifis. 9 and 10). The large dense areas in 
the maxillae were no longer present. X-iays of the pelvis, lower spine, and long 
bones revealed no abnormalities except for the deformed left femur. The cystic 
areas in the lower end of the left radius were no longer evident. Tlie chest 
roentgenogram was negative. 

Laboratory study revealed a secondary anemia. The henioglol)in was 27 per 
cent (Dare), the red cell count 2,240,000, and the white coll count .'17,000. The 
urine was negative. The blood calcium was 7.1 mg. per 100 c.c., the blood phos- 
phorus 2.8 mg. per 100 c.c., and the blood phosphatase 7 Bodanshy units. The 
patient was given three whole blood transfusions, following which the hemo- 
globin was 71 per cent (Dare), and the led count 3,430,000. 



i •: 

. I 


Fig. S. — Roentgenogram showing the sclerotic bone tumor of the lower jaw. Note 
absence of dense masses in superior maxillae seen in Figs. 3 and 4. 

dune 2.5, 1942, under pentothal sodium anesthesia, the tumor was resected 
tvith considerable difficulty. Skin flaps were fashioned anteriorly and posteriorly, 
the tumor freed from the soft tissue, the alveolus delimited by mucosal incisions, 
and the horizontal ramus of the mandible cut across on both sido.s, freeing the 
tumor. The distortion was great, and the structures in the floor of the mouth 
could not be identitied. fhe attachments of the sublingual group of muscle.s were 
out, so that the hyoid bone was left with little muscular support. A good deal of 
blood was lost during the rapid operative procedure, and the patient’s fcsplra- 
tions were irregular due to plugging of the airway with blood and distortion of 
the trachea from tiic tug of tlie tumor dtiring manipulation. A blood transfusion 
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Fig, 9, — Postoperative roentgenogram revealing remaining disease In the mandible and 
sclerosis involving the base of the skull and tlie upper cervical vertebrae. 



Fig. 10. — Anteroposterioi po^topeiatne roentgenogi'am to compare with Fig. 9, 
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wis given during the latter part of the procedure. A tracheotomy was performed 
as soon as the tumor mass was removed. Breathing then became smooth, and the 
patient’s condition good. 

The floor of the mouth was clo.sed by uniting the incision at the base of the 
tongue to the incision in the sulcu.s of the lower lip with a continuous catgut 
suture. The exposed bulbous ends of the niandililc were rongemed away. The 
defects in the muscles above the liyoid were clo.sed with catgut. After this the 
skin flaps were trimmed for a rough, loose lit. The edges were tacked together 
with widely spaced fine silk .sutures over tuo stiips of petiolatiim gair/e. A biopsy 
was taken from the induiated tissue neai llie Inieeal fistula. 



Fig. 11. — Photograpli of the specimen from tlie superior-anterior aspect. Just 
lateral to AT and y respectively, the two cut ends of tlie mandible are seen with 
the enormously broadened alveolar process covered with mucosa stretching between 
them from X to y. Below is the surface from which the anterior skin flap was re- 
moved : the cut edge of the remaining skin can just be seen at the lower border of 
the specimen. Epidermoid carcinoma was found in the tissue to the left of X. 

Patliologio examination revealed a huge, ovoid, stony, hard tumor measuring 
;i3 by 21 cm. and weighing 6,0.35 6m. The tumor wa.s covered mostly by skin 
except for Ihe anterior aspect u hieh repte.sented the field of surgical operation 
(Fig. 11). On this surface were .seen the cut rami and the intervening segment 
of the mandible from which the tumor obviously aio.se. A fistula partially lined 
with epithelium connected the superior aspect of the specimen with a large ir- 
regular area of ulceration about S cm. in diameter situated on the right antero- 
lateral aspect of the tumor just below the line of excision. The lining of the 
distal 2 or 3 cm. of this tiact as well as the contiguous margin of ulcerated skin 
was much thickened and roughened and covered with purulent exudate which 
escaped abundantly from the surface of necrotic bone Ijdng in the base of the 
large ulcer. The posterior aspect of the tumor, which had long rested upon the 
anterior chest wall, showed an irregular area of skin necrosis, obviously the result 
of pressure. 
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Oil section the entire tumor was found to ))e coniposed of cnicified material 
resembling cancellous bone with abundant pearly gray fibrous stroma. Jrany 
large areas of necrosis were seen. There Avas no cs'idejico of the formation of 
bone marrow, such as might be e.x])ccted in a benign proliferation of cancellou.s 
bone. The entire mass had the appearance of a Iienign bone tumor in which much 
necrosis had occurred. 

Tlie microscopic e.vaminntion of sections from many jiarts of the tumor .sliowed 
various stages of tiie process by jvhich this tumor was airparently formed. They 
may be listed as follows; (1) Well-formed areas of osteoid ti.ssuo without ealciuni 
surrounded bj' marginal osteoblasts imbedded in very aiumdanf and cellular fibrous 
stroma (Fig. 12) ; (2) calcification of such areas to form cancellous bone witli reduc- 
tion in size and number of osteoblasts and witli an increase of collagen in the 
surrounding stijoma wliicli at this stage appears le.“s ccllnlar (Fig. 12); (.1) increase 



Fig. 12. — Pliotomicrogi aph showing osteoiil areas both uncalcified and The 

diminution of the number of osteoblasts about the calcified areas sliouid be noteu- 

in the amount of stimnu whicli appears to comprcs.s and di.stort the lamellae of 
cancellous lioiic. The latter in this stage were denser and showed no osteoblasts 
(Fig. 13); (4) neciosis of bone « ith granular ma.sse.s of calcium and small frag- 
ment.s of necrotic bon> embedded in den.se fibrous stroma; (.o) necrosis of large 
areas which aie infilti.ited with leucocytes. 

Sections of the niccal fistula and the adjacent ulceration reveal epidermoid 
carcinoma, grade 1 iFig. 14). 

Diainwsii'. — Ostuti.s fibrosa of the mandible (leontiasis o.s.sea) with buccal 
fi.stula showing cpideimoid caicinonia, grade 1.* 

The patient dui «ell postoperatively. He was fed through an inlying gastric 
tube at first, luit thus and the tiaeheotomy tube ivere removed after ten days, 
and he was able to take liquids and later soft diet. The wound gradually healed 

*We are imiebteU to Ur. J R. Cash. Professor of Patholog'y, for the pathologic 
.stuilj'. 
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witli some puckering of tlie line of union and of Uic flaj) (Fig. 15). The lips 
could not bo closed, probably fion\ prolonged slrctcbing of the luusculalurc of 
tiro lower lip. He was discliargcd, duly 1.5, 10(2, with instiuctious to return in 
six weeks. 

The patient returned Aug. 27, 1042, having gained considerable weight and 
strength. There wore fungating recrrrienees of the epidermoid carcinoma, proved 
by biopsy, on the right side of the .law and in the niidlinc nlieie a small ttlcer 



Fig. 13.— Photomici ogi aph showing an apparently later stage than Fig. 12. Note 
the condensation of the bone trabeculae, the complete disappeaianco of osteoblasts, 
and the increased relatively acellular stroma. 



Pig. 14. — Photomicrograph showing areas of epidermoid carcinoma scattered among 
relatiiely mature bony trabeculae which mav represent part of the original man- 
dible. 

was pieseiil (Fig. 16). An attempt at surgical excision was abandoned when the 
tumor was found to extend into the tissues beneath the tongue. The patient had 
taken the anesthetic poorly, and a second tracheotomy became irecessary. The 
tumor was then treated with x-ray, being given a total of 4,000 r. tluough two 
lateral portals at 200 kilovolts. He was discharged again Sept. 2S, 1912. 






556 


SCRGKRY 


an early stage might modify tlie gradual spi-ead of the lesion. Coppo i.s 
-stated^ to have reported a ease of resection of the right superior maxilla 
for leontiasis ossca. The present ease i.s also interesting on account of 
the enormous size of the .iaw lesion which in itself caused complete dis- 
ability. One of the earlier cases* shows a tumor of the .law 

comparable to the pre.sent example. In the thii'd place, the ease illus- 
trates the spread of the process into the upper ceiwical vertebrae, a phe- 
nomenon reported previou.sly,' The limitation of the process to that 
portion of a bone arising in a .sinrrlc anlase as dcsciihed by Itlayei'' is 
illustrated by the escape of the intermaxillary process although the 
superior maxilla on each side was invol.ved to a marked degree. 

Finally, the complieatuux epidermoid carcinoma which determined 
the outcome of the case i.s unique. This neoplasm is nnquestionably 
of the .same nature as ifarjolin’-s iilcei' occui-ring in chronic ulcer of 
the skin and in chronic sinuses. The incidence of cjridermoid carci- 
noma in a buccal fistula has not been made the object of a search of 
the literature, but it must be exce.ssively rai-e. 
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A CASE OP A SPONTANEOUS OASTROJEJUNAL FISTULA 
EIGHT YEARS AFTER AN OPERATIVE 
GASTROJEJUNOSTOMY 

Louis Rukc KvurjiAx, ]\r D , FACS /' IlriirK I IIunrAx, ]\I.D ,t 

New Yohk, N Y 

(Fiom the Suitiical Snucr, N<w \oil Medical College and Flower and Fifth Avenue 
Eo'iiiiial, and the Mctioiiohtan Uoipilal) 

U NUSUAL pioblem cases aic fieqiieiilly cneoiintei-cd in a large city 
hospital seivice, and theii repoiiing becomes an obligation. "We 
are reporting a single case of niiiisiial inteiest which we have not en- 
countered at any otlier nistanec either in piaetice or in a survey of the 
literature The case is tliat of a new sponlaneans gastiojejunal fistula, 
followiiia a posteiior gastioie,iunostomv peiloimed eight yeais previ- 
ously 

Case Report — C McL was admitted to the Metiopolitan Hospital Apnl 1, 104S 
The patient was a 70)ea! old white woman, complaining of djsphagia, vomiting, 
and loss of ten pound'- foi the preMouc thieo months She had had sjniptonis of 
djspepsia and nausea since joiith Eight je.us pieMouslj, <i posteiior gastio 
■jejunostomy had been perfoimed foi duodenal ulcei, and the patient was then com 
foTtable and sjmptom fiee for the first time in hei hie until the onset of tins illness 
three months prioi to admission 

Physical examination showed a chionicall) ill, white woman ivith raaiked pallor 
and eiidence of weight loss Theie was a nght leetus seal and medial to this very 
slight epigastric tendemess, but no abdominal nw'-ses were noted. Examination 
ivas, otheiwise, negatiie 

X ia 3 and fluoroscopy reiealed a normal esophagus, but the stomach was en 
larged, and theie was a fire houi residue, the ga'-trojejunal stoma was not visualized 
Several gastric analjses showed high total acid up to To, nigh fiee acid up to 48, 
high combined acid of 27, with occult blood in most specimens 

Gastioscopj levealed a patchj, supeificial gastiitis witli some adherent exudate 
and punctate hemorihages The rugae were atrophn Theie was a pseudovalve of 
the stoma, but the opening was more than adequate, and the lejunum was easily 
and cloaily seen The manv jejunal peiistaltit waves indicated possible obstruction 
below the stoma Theie weie 2,000 ^ c of oastiic lesidue. 

The patient was tieited with gastiu. Livages, nuineious tiansfusions, livei 
extiact, and non Hemoglobin im leased tiom 52 per i ent to 70 per cent, and 
theie was marked iiiipi ov ement both subjectuelj and objectively After three weeks, 
exploratoi} lapaiotomv was undertaken with the view to doing a subtotal gastrettomj 
if this vveie possible 

At operation, the stomach was found gieatlj dilated Easilj separable adhesions 
bound the antciior surface to the round ligament and parietal peiitoneum About 
where one would expect the gastiojejunostomj to be found, an anastomosis was 
visualized, and sharp angulation of both pioximal and distal jejunal loops noted 
The apparent stoma was located in the transverse mesocolon just at the edge of the 

•Diiectoi of Surgerj, Metropolitan Hospital, Professor of Surgen 
tResnlont m Suigerv, Metropolitan Hospital 
Received for publication. Vpni ", 1944 
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colon, in the midst of a large inflammatory mass, about 11 by 4 by 7 cm. The 
anastomosis rvas taken down by dissecting the mass, first from the colon and meso- 
colon, and then from the stomach. The part of the jejunum attached to the mass 
■was resected, and an end-to-end anastomosis of the jejunum was done. 

The gastric wall surrounding the site of the anastomosis was inflamed and thick- 
ened for a radius of about 2 cm. That portion of the wall was re.sected. A Anger 
was inserted into the stomach through this opening and exploration revealed that 
distal to it was a wide orifice into what was thought to be the duodenum. (However, 
autopsy later revealed that this orifice was the original gastrojejunostomy; the 
•‘anastomosis’’ which was let down was the spontaneous inflammatory gastrojejunos- 
tomy.) The defect of the stomach wall wa.« completely closed, and the rent in the 
mesocolon was sutured. IVliile the stomach was open, a Levin tube was guided well 
into the small inte.=tine. 

Postoperative Course . — The patient was given o.vygeii and .sever.il transfusion.=. 
The Levin tube was aspirated at intervals and large quantities of dark brown fluid 
were removed. Twenty-four hours postoperatively, the patient suddenly went into 
shock and expired. 

Autopsy Peport . — The Im^co^a of the stomach pi evented .some reddening and no 
ulceration. Bugae were not prominent. The region of the pyloius showed complete 
obstruction with an area of white scar tissue which occluded the opening into the 
duodenum. An apparently well-functioning ana-tomosis between the jejunum and 
posterior gastric surface wu' present. Proximal f<> this anastomosis was a sutured 
defect of the posterior gastric wall. In the descending loop of the jejunum, distal 
to the gastrojejunostomy, was an end-to-end anastomosis ^unou^ded by a certain 
amount of edema. The mesocolon was scaired, and the transverse colon was thick- 
ened. 

DISCU'.SSIOX 

At operation, what was tliought to be tJie old ga.stro.ie.)uno.stomy with 
a marginal ulcer was resected. Since it was felt that there was a patent 
pylorus and duodenum, no new ,ic.iunostomy was ]ierformed. 

At autop.sy, it was shotvn tliat what we had thought to be a patent 
pylorus was a well-functioning, eight-year-old gastro,ie.iunostomy. Tlie 
stoma was located almost in the pyloric antrum at tlie greater cuiwature 
with a short loop of je.iunum about 14 cm. fi'om the ligament of Treitz. 
The area resected was a spontaneous gasfro.ie,inno.stomy. about 8 cm. 
proximal to the artificial one (pro.xinial in the stomach, but di.stal in the 
jejunum; see Fig. 1). The pylorus had apparently not been patent for 
the past eiglit yeai's 

The most frequently discussed complication following gastrojejunos- 
tomy is gastroi'-)unal uleei’. P’istuias, when present, generally involve 
the colon. La • y and Jordan,’ in analyzing the.se fistulas, do not men- 
tion the form .un of a spontaneous eommunieation between tlie stomach 
and jejunum the simple gastrojejunal Ijiie, hut discuss only gastro- 
colic. jejunoc ilie. and ga.strojejunocolic fistulas. The reported incidence 
of ulceration ha.s varied from 3 per cent to 34 per cent.-’ ^ The site 
is usually al the anastomosis or in the efferent jejunal loop, 1 to 10 cm. 
distal to the stoma Only rai-ely is the afferent loop affected. It is 
generally accepted that ulcers are produced more easily in those site.s 
farther away from the segment which has adapted itself to I’eeeive 
acids. Operative technique has little hearing on the production of 
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ulcers opposite or some distiince from the stoma,'' but, as in our case, 
the high acid is obviously an important factor in causing the reeiUTcnl 
ulcer. 

There is a liigher incidence of jejunal ulcer in cases in which the 
pylorus is closed off. According to Alvarez,'' “Anything that interferes 
with the passage of duodenal contents over the jejunal mucosa around 
the stoma is likely to leave this region unprotected from the eori'osive 
effects of gastric juice and, therefore, subject to ulceration. Closure of 
the pylorus probably interferes with the maintenance of a good down- 
ward current in the duodenum, and the absence of food and gastric juice 
in the duodenum lessens the outflow of the protective bile and pancreatic 
juice.” This is confirmed b,v Lahey,p who feels that ]\ylorie obstruction 
is a predisposing factor for gastrojejunal ulcer since the highly acid 
gastric contents are dumped into the jejunum and cannot mix Avith the 
regurgitant alkaline contents. 



Slost eases of gastrojejunal ulcer shorv a clinical course similar to that 
in peptic ulcer. Such symptomatology rvas absent in our patient who 
had been comfortable for eight years and began to complain only three 
months previously Avhen signs of obstruction appeared. Hoag and 
Saunders' list the causes of obstruction following gastrojejunostomy in 
the folloAving manner : 

1. Improperlj" placed stoma 

2. A stoma so small or narrow of attachment that it produces acute 
angulation of the jejunum 

3. A proximal loop of excess length or so short as to obstruct with 
changing position of the stomach 

4. A rigid and short mesocolon which fails to stretch on filling of the 
stoma 

5. Inadequate fixation of the stoma to the mesocolon and internal 
hernia 

6. Adhesions about the stoma 

7. Pressure of the middle colic artem- 
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8. ilarginal or jejunal ulcei-s at or near the stoma 

9. Adhesions distal to the anastomosis 

10. Hj-poproteinemia 

Only tl}e last three canse.s, 8, 9, and 10, were present in our case. 
In ^'ie^v of the marked gastritis in this ease, the question has been 
raised as to whether the spontaneous gastrojejunal fistula may have 
followed a perforated gastric ulcer. This is an unlikelj' sequence of 
events. - Sueh an ulcer on the posterior .stomach wall is not usual, al- 
though one was reported by Edwards'* on the le.sser curvature. It is 
more probable that the gastritis was secondary to the obstruction. 

The failure of the gastroseopic examination to visualize the secondary 
opening bears mention, paiticularly in vien- of the aecm-ate description 
of the stoma with the pei’istaltic jejunal waves indicating obstruction. 
The patch}' exudate on the mucosa probably obscured the other opening. 

In the evaluation of the pathology present in this case, one may assume 
two hypotheses to explain the origin of the new .spontaneous gastro- 
jejunostomy. The record indicates that eight years after the original 
gastrojcjuno.stomy the patient developed an acute condition at least sug- 
gestive of an ulcer. This ulcer may have originated in the greater curva- 
ture of the stomach as a new gastric ulcer — an unlikely occuiTence as 
noted. On the other hand, the ulcer may have developed as a jejunal 
ulcer, about 8 cm. distal to the original ga.strojejunostomy in a location 
where the impact of the acid chyme would be most likely to produce 
ulceration of the jejunal mucosa. As the ulceration progre.ssed to and 
through the sero.sa, inflammatory I’caetion might readily fi.x this distal 
segment of the original loop to the greater curvature a.s well as to the 
gastrocolic omentum since it was in clo.se proximity to both. Further 
progre.ssion of the lesion might, therefore, leadily result in perforation 
with a spontaneous gastrojejunal fistula. The marked inflammatory re- 
action which we noted at the time of operation lends fiirther support 
to this hypothesis. 

SUM>IAKY 

A case is presented of a spontaneous gastrojejunal fistula oecuri'ing 
eight years after a posterior gastrojejunostoni}- and causing ob.struetion. 
Gastrojejunal ulcer with its complications is briefly discussed. 
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PANTOPAQUE 

Notes on Absorption Following ^Myelography 

Captain Ceorge il. "Wyatt, and Lieutenant Colonel Roy G. Spurling 
jMedical Corps, Army of the United States 

(From the Sections of Foenigcnology anS Ncurosiirgety, Walter Feed General 

Hospital, Washington, D. C.) 

P ANTOPAQUE has replaced Lipiodol and the gases as the contrast 
medium for mj'elographj'^ in the Army Medical Corps. The chief 
reason for the preference to lipiodol is that Pantopaque is absorbed 
instead of remaining as a persistent foreign substance in the subarach- 
noid space.^"^ Experience has shown it to be nontoxic and no more 
irritating than lipiodol, and its sharp radiographic contrast and conse- 
quent clear delineation of pathologic anatomy affords a definite supe- 
riority over the gases as does lipiodol. In contrast to lipiodol, panto- 
paque is more fluid than viscous and therefore fills out the smaller 
spaces such as the dural nerve sheaths. It also is more easily removed 
following examination. 

The chief advantage of pantopaque, however, lies in its absorbability 
and it is the purpose of this paper to discuss this absorption as ob- 
served roentgenologicaUy. 

Observations at the Walter Reed General Hospital at intervals of 
a few weeks or months following injection of pantopaque suggested that 
absorption might not be so rapid in all patients as it was previously 
thought to be.^-® Accordingly, follow-up x-ray pictures were obtained 
for six patients in whom the removal of pantopaque had been incomplete. 
These roentgenograms included the skull and entire spine and sacrum 
to exclude the possibility of migration of the contrast material. The 
patients were selected from the first group in which pantopaque was 
used at the Walter Reed General Hospital, the sole bases of selection 
being incomplete removal and availability for follow-up study. All of 
these patients had ruptured intervertebral discs removed surgically but 
in no instance was the dura entered or any attempt at removal of the 
residual pantopaque made dui-ing the operation. 

Amounts of residual pantopaque were estimated on the basis of the 
size and number, of the collections shown on the x-ray pictures. Ob- 
viously such estimation is crude and the figures arrived at will vary 
with the individual observer. There was, hov'ever, no doubt that the 
materia l was being absorbed at a significant rate of speed (Figs. 1 and 2) . 

Received for publication, May 10, 1014. 
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Estimates of residual amoimts and percentage absorption were arrived 
at separately by us. An approximate average of these estimates is 
presented in Table I. 

Table I 


Estimated Absoeptiox of Eesidoal Paxtopaque 


CASE 

xo. 

AMOCXT 
IXJECTED .\T 
EX,IMIXATIOX 
(C.C.) 

AMOUNT NOT 
KEMO^TD AT 
EXAMINATION 
(C.C.) 

TIME INTEnVAh 
AETEH 

EX.\MINATION 

(MO.) 

PEKCENTAGK 

AB.sonmoN 

1 

3.5 

0.1 

i) 

70 

2 

.•’,.0 

0.2 

It 

Xone perceptible 




O’ 

50 




15 

SO 

3 

0.5 

0.5 

14 

75 




14 

95 

4 

0.5 

3.0 

13 

fin 

5 

,^.a 

1.5 

35 

95 

6 

.•5.5 

1.5 

21 

so 
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!)0 


As judged by the x-ray shadows tiiere was a definite deei’case in the 
amount of residual pantopaque in all cases. Tlie size and density of 
the remaining droplets showed that this decrease was due to ahsox’ption 
of the entire compounds rather than of iodine from the compound. 
In several instances minute residual droplets were as opaque to the 
x-ray as larger droplets seen immediately following incomplete re- 
moval. If the decrease in density seen by x-ray were due to the ab- 
sorption of iodine from the compound rather than absorption of the 
total ma.ss, the remaining small collections would lose their radiopacity. 
In only one instance was a relative decrease in density of residual drop- 
lets observed (Pig. 1). The general tendency was toward a progressive 
increase in density witli decrease in the total amount remaining. 

Absorption was usually most rapid during the fir.st few months fol- 
lowing examination (Figs. 1 and 2). Following this initial absorption, 
the small lemaining droplets were absorbed at a relatively slower rate. 
Slow absorption of minute amounts was also demonstrated by Case 6 
(Table I and Fig. 3). In no instance was absorption complete during 
the period of observation, although the continued change in all instances 
warrants the assumption tliat comjilete absorption will eventually take 
place.® 

The vaiiations in the I’ate of absorption and in the density of the 
residual droplets may be due to the nature of the contrast medium which 
is a mixture of isomers. .Some of the isomei’s may vaiy slightly in ab- 
sorbability.’- ’ 

Another factor which may be responsible for the faster absoiption of 
larger amounts of pantopaque is the emulsifying action of body motion 
on the larger collection of n..5 c.c. upward. Such emulsifying action is 
best observed durinn cervical myelouraphy during which the contrast 
medium flows the entire lensrth of the .spine (Fig. 3). The sni-face area 

•Since this article was for publication, one of us (G. T\\) has ob- 

ser\'ed complete absorption of approximately c-c, of pantopaque in a period of 
eleven months. 
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pi’eseiited by the small particles is much greater in relation to the total 
mass considered as a single spheroid than is the surface area presented 
by a fen- small droplets. When only a few small droplets remain the 
tendency is towai’d coalescence rather than breaking, up with body 
motion. 

As previonsly stated, the entire subarachnoid space was surveyed. 
The contrast medium was observed to flow as high as the first lumbar 
vertebra but none of the roentgenograms revealed any pantopaque in 
the skull, cervical spine, or tlioraeic spine. The only explanation for 
the lack of migration is that the patients did not assume the head-down 


Fig, S (Case 1). — A, A minute quantity (estimatecl as 0.1 c.c.) of pantopaque re- 
mains in the subarachnoid space. 

B, Roentgenogram 9 months later shows only about 70 per cent absorption. The 
small remaining droplets are relatively as dense or denser than the original compound. 


position during the first few w’eeks following examination. After a 
month or two, the material becomes fixed in position. This fixation 
indicates some tissue reaction to residual pantopaque. None of the 
patients, however, liad any symptoms referable to the residual material, 
even though in one instance some pantopaque had been injected sub- 
durall.v and remained in a nerve sheath (Pig. 2). 

CONCLUSIONS 

1. Pantopaque is absorl)ed from the subarachiioid and subdural spaces 
of the human bodv. 
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2. The most rapid aijsorptioii oceurred during tlie first few months 
following injection. 

3. Although absorption was not complete during tlie periods of oh- 
serration, the continued absorption in all instances warrants the as- 
sumption that complete absor])tion will eventually take place. 

4. No toxic reactions were observed. 


REFERENCES 

1. Strain, Wm. H., Plati, John T., and Wnrroii, Stafford, L. : lodinated Organic 

Compounds as Contrast Media for Radiographic Diagnosc.s. I. lodinated 
Aracyl Esters, J. Am. Cliero. Soc. 6d; 1430-1440, 1042. 

2. iSpurling, E. G., and Thompson, T. C.; Xote.s on the Diagnosis of Herniated 

Nucleus Pulposus in the Lower Luinhar Region, Armv M. Bull. 68: 142-154, 
1943. 

3. Spurling, E. G., and Thompson, T. C. : Notes on the Diagnosis of Herniated 

Nucleus Pulposus in the Lower Lumbar Region, Sumarny 16: 3S7-401, 1944, 

4. Strain, IVm. IL; Personal communication. 



Editorial 


The Obligations of an Internist to a General Surgeon 

A n internist lias been defined as a man who is totally unable to 
answer either yes or no to any question. The definition was made 
in jest but there is much truth in it. II there is such a thing as a typical 
internist, he is a sedentaiy individual, curious, skeptical, reflective. 
He is accustomed to look at the patient as a uiiit rather than as a collec- 
tion of separate organs and, if lie has had the fundamental scientific 
training he should have had, he is eager to distinguish between a fact 
and someone’s opinion. Although often powerless to suggest an alter- 
native procedure, he regards every operation as an exercise in violent 
therapeutics and a confession of failiu'c to cui'C. He is, however, humble 
before the complexities of modern surgical technique. His fees are not 
such as to command general admiration. 

The surgeon, on the other hand, is a man of action. He lives in an 
exhilarating world of knives, blood, and groans. His tempo is of neces- 
sity rapid. He is inclined to look at his less kinetic colleague with an 
air of puzzled condescension but may, in a I’claxed moment, admit that 
the medical man is occasionally able to assist uncomfortable dowagers in 
the selection of a eatliartie. Accustomed to legerdemain and quick re- 
sults, he is apt to regard the diagnosis and treatment of a headache, for 
example, as a trivial matter, forgetting that the internist may require 
hours of probing before discovering that wimt the patient needs is not 
a new pair of glasses but a different mother-in-law. The surgeon and 
the inteniist are workei-s in the same vinej’ard, hul their points of view 
are inevitably different. 

Of those patients who come to any clinic for help there is a certain 
small percentage who present definite and well-demarcated problems — 
a broken arm. a decompensated heart, a gravid uterns, for example. Of 
these the internist will claim his share and do what he can. Over and 
above these, however, is a larger number witli ill-defined complaints 
wlm tax the resources of the entire staff. These are the ones who are 
commonly x-rayed from head to toe, whose fluids and excrements are 
exammed with great skill, into whose every orifice eJectj'ic lights are in- 
serted— to no avail ! The standard reaction on the part of the medical 
attendant then is that of anger. The patient is automatically regarded 
as an imposter who has no right to his symptoms and his visit to the 
clinic is looked upon as a nuisance and an intrusion. Actually, of course, 
these are perhaps the sickest people we see. It may be argued that they 
lUo merek svrffex’iug from such elemental emotions as grief, frustration, 
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inadequacy, fear, or sorroM’, that their problems are tlierefoi'e non- 
medical, and that the clinic is not required to help them. It this is so, 
we are amateur physicians indeed. 

W. B. Houston has frequently and eloquently pointed out that sick- 
ness of anj' sort carries with it a curious and sometimes irresistible 
demand for action. There is nothing to which a sick man Avill not sub- 
mit himself — ^lie is giadlj- purged, puked, bled, transfused, sweated, in- 
fused, cut, frozen, heated, and shocked and he will swallow literally any- 
thing. It is seldom that the consequences of tlic.se actions are considered, 
for it is action itself that is demanded. Even the most normal of us howl 
and g}U'ate when thrust suddenly into pain; these actions serve no useful 
purpose whatever, but somehow they seem to bi-ing i-elicf. 

And so these people come to us in their distress demanding both action 
and relief. This demand comes not only from the patient but from 
the family as well. One can never enter a sickroom without being im- 
mediately aware of immense forces at woi’k. The urge to violence is 
often so comi3elling that it requires great courage to follow the wiser 
course and do nothing. Certainly it is a commonplace experience for 
patients to complain that we have found nothing for which to operate 
upon them, and it is no consolation to these people to be told that their 
roentgenograms and blood tests are negative. It is another curious fact 
that no one minds being told that he has .something wrong with one or 
more of his organs, but he bitterly re.senfs the implication that the 
trouble lies within himself. A heart that is failing a little, a sluggish 
liver, a pair of weak lungs — the.se are cherished and respected ailments — 
but a personality defect is accepted with the greatest reluctance. 

In dealing, as it must, with individuals whose primary difficulty is 
emotional, a clinic finds itself in a peculiarly dangerous situation be- 
cause a certain percentage of these patients will inevitably present some 
physical abnormality which, in a more stable host, would be a legitimate 
surgical target. The diagnosis of anxiety state, chronic reactive de- 
pression, or convei’sion hysteria is not made by exclusion, however, and 
it would be a major error to assume that an elderly housewife could not 
have a psychogenic backache and a fibroid tumor as well. The surgeon 
often accuses the inteimist of complacency and ignorance when he chooses 
to ignore a uterus which is not quite perpendicular, or a solitary gall- 
stone, or a pair of tonsils fi'om which a fluid of unknown composition can 
Ire expressed. Tliere are certain people, however, who demand violence ; 
the surgeon enjoys I'cmoving oi'gans and one function of the internist 
is to see that these two never meet. 

— Thomas Findley, M.D. 

New Orleans, La. 
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prominent civilian pJiysieians, liave purposely beeji omitted; upon re- 
quest, Iiou'ever, I will supply the source of all information. 

The papers on Convalescent Kehabilitation, Phj'sieal Therapy, Burns, 
Ci’anial Injuries and Anesthesia are not included in this analysis. 
There were many excellent contributions in this group. 

An excellent paper on Bone Metabolism n-as pi-esented, in which the 
delay in fracture healing at high altitudes was described. This paper, 
which contains many entirely ]iew ideas, has not been included in the 
present analysis because it should be published first by its authors as an 
independent contribution. Also, .such presentations as Historical Notes 
on Militar}’’ Orthopedies and Psychiatry in Orthopedic Surgery will be 
published as complete papers. 

Before each meeting, a list of suggested titles and speakers was sent 
to the orthopedic surgeon who was to .ser\'e as host and he was directed 
to organize his own progi’am. The twelve final progi'ams included 196 
papers; their subjects, divided into .suggested and miscellaneous titles, 
were as follows; 

ANAnrsrs or the Subjects op tue Sciextific Reports 
J. Sitfffffstefl Titles 

1. Splinting (ind 'franspoitation of Fractures 

2. Practiires and Di.slocation.v of Hand and Wrist 

3. Fractures and Dislocations of Forearm, Elbow, and Arm 

4. Fractures and Dislocations of tShoulder 

5. Fractures and Dislocations of Hip, Tliigli, and Knee 

6. Fractures and Dislocations of Leg and Ankle 

7. Fractures and Dislocations of Foot and Toes 

8. Fractures and Dislocations of Spine and Pelvis 

9. Compound Fractures 

10. Conditions Involving the Back 

11. Conditions Involving the Knee 

12. Conditions Involving the Foot 

13. Convalescent Rehabilitation 

14. Physical Therapy 

15. Burns 

B. MisceUaneoiis Titles 

l(i. Amputations 

17, Anesthe.sia 

IS. Ankle Sprains 

19, Aseptic Necrosis 

20, Aviation Medicine 

21, Bone Graft Surgery 

22, Bone Metabolism 

2.'!. Casua'ties in Italian Pri.soners of War 

24. Ceiebral Injuries and .Skull Fractures 

25. Complications of Fractures 

20. Early Laminectomy for .Spinal Cord Injuries 

27. External Skeletal Fi.xation (The Stader Method) 

28. Historical Notes on Military' Orthopedics 

29. Infections of the Hand 

30. Intravenous Morphine 

31. Jaiv Fractures 

32. Management of the Sick Orthopedic Patient 

33. Orthopedic Conditions and Examination for Flying 

34. Penicillin 

35. Protrusions of the Intervertebral Disc 

36. Psychiatry and Orthopedic Surgery- 
Total 


XO. Of P.srEli,S 
12 
12 
11 
12 
13 
10 
12 
10 
10 
11 
11 
12 
12 
7 
12 

1 

3 

1 

1 

1 

1 

1 

1 

6 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1_ 

196 
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Of the 196 essayists, ]2S were from the Army Air Forces, 43 from the 
Army Service Forces, 24 from eiADlian practice, and 1 from the Navy. 
There was an aA’^erage of 36 papers per conference. 

At these tivelve conferences there was an average attendance of 122 
officers and civilian ph.ysician.s. Of the 1,460 total attendance, 1,194 
Avere from the Army Air Forces, 145 from the Anny Service Forces, 96 
from civilian practice, and 25 from the Nraw. 

Attending tlie conferences Avcre representatives of 304 Army and 
Navy hosiiitals, as folloAVS: 228 station hospitals of the Army Air 
Forces, 31 general and 39 station hospitals of the Army Service Forces, 
and 6 hospitals of the NaA'y. 

In conclusion to these introductory remarks, I Avish to express my 
appreciation and thanks to those in the tAvehm conference hospitals 
Avho made each meeting iiossible; to those presenting the papers 
and participating in the discussions, Avho contributed the Avealth of 
scientific information Avhieh forms the basis of this report ; to Colonel 
Leonard T. Peterson of -the Sui’geon General’s Office, and Dr. R. 
BeAmrly Raney of the Duke UniAfersitj’^ Scliool of Medicine, Avho 
have so kindly read and criticized this report; and finally to the 
Air Surgeon, Major (general DaA'id N. W. Grant, to the Chief of 
the Medical Services Division of the Air Surgeon’s Office, Colonel 
'William P. Holbrook, and to those others in the Air Surgeon’s Office 
who, by their help and advice, have added so mueh to the success of 
these meetings. It is to be hoped that the conferences Avei'e of value to 
those attending and that this revieiv and analysis may be of assistance 
to those physicians Avho are treating orthopedic conditions and fractures 
in the Armed Forces and in civilian practice. 

PART I. FRACTURES AND DISLOCATIONS ABOUT THE SHOULDER 

The group of fractures and dislocations about the shoulder constitutes 
approximately 5 per cent of the total. A very large number of injuries 
of the acromioelaAdeular joint have been reported and also a large num- 
ber of recurrent dislocations of the shoulder. 

1. The Clavicle 

The importance of accurate reduction of fractures of the clavicle Avas 
repeatedly emphasized in all conferences. It was stated that the ir- 
regular bony surfaces of a malunion make it impossible for a soldier 
to carry a gun or pack on his injured shoulder with comfort. One offieer 
from a general hospital had obserA'ed tAvelve malunited fractures, and 
an officer from a station hospital had operated on tAvo malunious. Non- 
union of the clavicle is extremely rare ; lioweA^er, six cases AA^ere reported 
from one general hospital. 

It Avas pointed out by tAvo ofSeers that for the extenswely comminuted 
and displaced fracture Avhose reduction cannot be maintained by am- 
bulatory splints, recumbency and lateral traction to the upper arm Avitli 
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tlie slioukler abducted is an effective form of treatment. Four excellent 
re.sults Avere reported -with this method of treatment. 

The figure-of-eight dressing, usualh' made of plaster, is apparently 
more popular than the T splint ; I believe, however, that the T splint 
is the more effective and better dressing. The immobilization period 
recommended was from three to six weeks. At one conference there 
was a favorable discussion of the Kirk-Peterson splint for fractures of 
the clavicle. 

(Comment. — Pi'actures of the clavicle frequently unite Avith malunion, 
but in civil practice this seldom re.SHlts in disability. In the Army, how- 
ever. the rough edges and bony sj)ieule.s of a malunion may be a constant 
source of annoyance and pain, because of the I’ubbing of the strap of a 
heaA-y knapsack or gun. Hence, accuracy of reduction is important and 
every effort .should be made to obtain it. Lateral traction on the upper 
arm in recumbency may be the treatment of choice for extensively com- 
minuted or di.splaeed fractures.) 

2. Sternoclavicular Dislocation 

Steraoclavieidar dislocations were observed infrequently. One officer 
reported the insertion of short Kirschner wires through the sternum and 
into the clavicle to maintain reduction. A fascial repair operation for 
elironie dislocations Avas mentioned at one conference. 

(Comment. — The use of Kii-schner AA'ires across this joint may main- 
tain reduction but is accompanied by some risk and should be tmder- 
taken only in the exceptional case. When wires are used. eA'ery pre- 
caution .should be taken to preA^ent their inward migi-ation, a compli- 
cation which can readily occur.) 

3. Acromioclavicular Dislocation 

AcromioelaA’icular dislocation was discussed frequentlA’. The common 
occurrence of this injury and its generally poor end result indicate that 
it is a real problem. Especially is this true Avheu the coraeoelaA'icular 
ligaments are I’uptured and the dislocation is complete. 

In many conferences there was a discussion of the use of a pla.ster 
dressing to aid in maintaining reduction of this di.slocation. The dres.s- 
ing wa.s applied usually in the form of a hanging body east. One ofScer 
recoznmended adding to tlie east a shelf for support of tlie elbow and 
forearm, in order to prevent the upper extremity from hanging doAvn 
at the shoulder. A three-inch elastic bandage, taken from a rubber 
bandage tourniquet, eras incorporated in the cast by a second ofBcer in 
.such fashion that the Aveight of the cast acting through the bandage 
exerted a constant downward force on the outer end of the clavicle. 
One physician demonstrated a twelve-inch plaster girdle incorporating 
a wide cotton Avebbing .strap over the outer end of the claAuele. Three 
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officers recomineucled tliat a plaster sjiica cast with the shoulder in 90 
degrees of abduction be worn from six to nine weeks. 

There Avere several reports of a circular dressing around the outer 
end of the claA’icle and the olecranon, adhesiA'c pla.ster or a tAvo-inch 
Avebbing strap' and buckles being used. IMention Avas made by one officer 
of 138 cases reported by Thorndike of Boston, in A\diich the circular ad- 
hesh'e dressing Avas used Avith good results. Whetber these dislocations 
Avere complete or incomplete Avas not stated. 

There AA^ere three reports on immediate open operation for this dis- 
location AA'ith an attempt to suture the torn ligaments. 

One officer Avas of the opinion that if after three Aveeks the joint Avas 
unstable, an open procedure Avas indicated. Tavo officers reported the 
insertion of Kirschner Avires from the acromion into the clavicle to fix 
the joint. These Avires crossed the joint line and Averc left in place 
from six to eight Aveeks. Three excellent results Avere reported. An- 
other officer reported maintaining the I'eduction Avith a large caliber 
Kirschner Avire or a small Steininann pin placed through the outer end 
of the claAUcle into the acromion but not crossing the joint line. This 
Avas supplemented by a circular adhesive dressing around the elboAV and 
outer part of clavicle. The operation of tying the claA'icle* dOA\m to 
the coracoid process Avith Avire or fascia lata Aims also recommended. 

There Avere two reports on the Vargas operation (construction of a 
new coracoclavicular ligament by the use of a portion of the short head 
of the biceps). One officer reported seven successful results, a second 
officer one failure. 

The Mumford operation for dislocation (excision of the outer end 
of the clavicle) Avas favorablj’’ reported at tAvo conferences; lioAA'eAmr, at 
one conference a AA^eak and painful shoulder folloAving the operation 
AA'as reported. 

{Comment. — The evidence from these discussions of the many differ- 
ent methods of treatment certainly indicates that no single nonopera- 
tive or operative method is ahvaj’-s satisfactory. Prom personal ex- 
perience, I am of the opinion that if the dislocation is complete, indi- 
cating a total rupture of the coracoclaAucular ligaments, some type of 
open fixation of the clavicle to the acromion, with a repair of torn liga- 
ments Avhen possible, is immediately indicated, kly clinic has four 
satisfactory end results from inserting three Kirschner Avires through 
the acromion into the claAdcle across the acromioclaAucular joint, care 
being taken to turn up the outer ends of these Avires in order to pre- 
vent their iuAvard migration. At the time of operation the torn su- 
perior acromioclavicular ligaments are repaired. The Avires are left 
in for eight Aveeks. 

Reports of good end results folloAviug the Vargas and IMumford 
operations are still too fcAv to AA'arrant complete approval of these 
operative procedures for use in militaiw surgeiy.) 
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4. Dislomiion of the Shoulder 

a. Acute . — lu all of the conferences there was considerable dis- 
cussion regarding the acute dislocation. The advisability as well 
as the necessity of using a general anesthetic for early reduction of 
the dislocation was frequently discussed. Five officer’s stated that they 
were using a general anesthetic; four stated that they were not. In- 
travenous morphine before reduction was I’eeonnnended in several con- 
ferences. One officer reported the use of a local anesthetic ; he injected 
one ounce of 1 per cent procaine dir-eetly into the shoulder joint before 
reduction. 

The question of the optiinuin maneuver for the reduction was fre- 
quently discussed. Only two officers stated that tliey were using the 
Kocher technique. Of the other methods, three Avere described as fol- 
loAVS : 

1. The “three sheet method,’’ in Avliich one sheet is applied 
around the ehe.st high in the axilla for a pull across the chest, 
a second sheet around the forearm with the elbow flexed for a 
pull doAvn on the arm, and a third sheet high on the upper arm 
for a pull outward from the chest wall. 

2. Pulling the extremity straight out in abduction, Avith 
countertraction provided by the operator’s foot against the 
chest Avail or by an assistant aa’Iio pulls on a folded sheet placed 
in the axilla and across the chest Avail. 

3. Pulling dOAviiAvard on the arm Avhile an assistant pushes 
the head of the humerus upAvard into the glenoid cavity. 

Por primary dislocations, the time of immobilization, as aa’cII as the 
tjqAe of immobilization, Avas frequently discussed. A Velpeau dressing 
for ten daj’s, folloAved by a sling for tAvo to three Aveeks, aa'hs adA'ised by 
some officers. Others advocated four to six Aveelcs of immobilization. 
One consultant Avas of the opinion that six Aveeks was much too long 
for this immobilization. Por a period of eight AA’eeks after removal 
of the initial dressing, one officer Avas using a leather buckle brace 
around the upper arm and chest AA'all to i^revent abduction of the 
shoulder. 

Another officer aptly emphasized the neeessitj’ for asking the phj'sical 
training instructors not to attempt to reduce shoulder dislocations 
Avhen they occur during physical training. 

One physician described a “rotary dislocation’’ in AA'hich the head 
of the humerus appeared to haAm turned completely around in the 
glenoid Avitnout coining out. He stated that this tjqAe of dislocation 
may be A'ery difficult to A'isualize roentgenographically. 

An officer from a general hospital reported five unreduced shoulder 
dislocations which appeared many Aveeks after the original injuries. 

6. Recurrent. — The frequency Avitli AA'hich recurrent dislocations of 
the shoulder are being obseiwed in the Armj' is certainly an indication 
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that something is wrong with wliat is considered orthodox treatment of 
tlie original dislocation. 

The Nicola procedure is tlie most popular operation for recurrent dis- 
location at this time, although the Bankart operation has manj’^ ardent 
supporters. The largest number of operations reported from one hos- 
'pital was forty Nicola operations over a period of sixteen months. 

IMauy poor results following Nicola operations are now appearing in 
the hospitals and dispensaries. In one general hospital, it was reported 
that eighteen patients who had had the Nicola operation were complain- 
ing of painful scars, and that nine of these patients had had a recur- 
rence of the dislocation after operation. In a second general hospital, 
three postoperative dislocations had been observed. In a third general 
hospital, five Nicola operations had been performed and two recurrent 
dislocations following Nicola operations done elsewhere had been ob- 
served. It was stated that a follow-up of fortj"-seven Nicola operations 
performed at the University oi Miehigan had shown a rconvYcnoe rate of 
15 per cent. It is believed by many that a similar or higher percentage 
obtains in the Army. This is to be compared with a recurrence rate 
of 4.6 per cent recently reported by Dr. Nicola. 

An officer who had been associated with Dr. Nicola in civil practice 
was of the opinion that the principal reason for the large number of 
poor results is faulty operative technique. In a very careful review of 
the technique of operation and postoperative care as now advocated bj’' 
Nicola, he emphasized the following : 

1. A capsular strip one-half inch wide, left attached superi- 
orly, should be pulled through the tunnel in the humeral head 
along with the biceps tendon. This provides strong reinforce- 
ment of the tendon. 

2. The tunnel should be placed at an angle of 45 degrees to 
the shaft of the humerus. Failure to place the tunnel pro- 
perly, he considered the most common cause of recurrence. 

3. Care .should be exercised not to injure the branch of the 
circumflex nerve which supplies the anterior portion of the del- 
toid muscle. 

4. The shoulder should be immobilized for seven to ten da 3 ^s 
following operation. Abduction exercises should then be start- 
ed, but the elbow is not to be extended be.vond 90 degrees for 
three weeks ; full use of the arm is not allowed until three 
months after operation. 

One officer did not like the Nicola technique and used a modification of 
Roberts’ technique, that is, placing the biceps tendon in a trough lateral 
to the bicipital groove. The trough is formed by lifting up a flap of bone 
and, after the tendon has been put in the trough, the flap is replaced. 
Postoperatively, a shoulder spica east was worn for four weeks and full 
dutj’ was not allowed for three months. The Bankart operation was 



576 


SURGERY 


favorably reported on in two confei’cnces ; it is believed by man}' to 
result in a more stable shoulder and fewer recurrences than does the 
Nicola operation. One officer described the Cayo operation for recur- 
rent dislocation ; in this procedure the origin of the teres major muscle 
is transplanted fi’om the scapula to the lop of the shoulder. 

It was repeatedly emphasized that a shoulder which has been dislo- 
caied postoperatively cannot be expected to stand up under the stress 
and strain of the okstacle eour.se for commando training. Nevertheless, 
many soldiers with such shoulders are recpiired to participate in these 
activities. 

One officer stated that he had never seen a dislocation in a shoulder 
with a previous paralysis of the deltoid muscle. 

(Comment . — The evidence on dislocations of the shoulder indicates 
that more attention should be given to immobilization of the original 
dislocation. If this is done, there will in all probability be fewer 
recurrent cases. I believe that the period of immobilization should 
never be less than three weeks and that preferably it should be six 
weeks. The routine use of a shoulder brace to prevent abduction for an 
additional period of eight weeks would be another safeguard against 
recuiTence. 

More careful selection oi' recurrent cases for operation .should be made 
and the operation should be done only by those who are trained and ex- 
perienced in its teehniciue. The faulty technique of the inexperienced 
surgeon is undoubtedly one of the principal reasons for the high inci- 
dence of recurrences in the Army. I believe that the soldier who has 
had an operation for recurrent dislocation should never be qiialified for 
full military duty. 

The advocates of the Bankart operation believe that it results in a far 
more stable shoulder, le.ss likely to be dislocated than following the 
Nicola operation. I have had no personal experience with the Bankart 
operation and cannot express an opinion concerning it ; I believe, how- 
ever, that it is Avorthy of consideration by more surgeons.)' 

5. Miscclla'iicous Shoulder Conditions 

A case of a loose body within the shoulder joint was reported; the 
loose body caused a slipping sensation which a patient might confuse 
Avitli dislocation. 

It was recommended by one physician that eA'eiy injured shoulder 
be examined carefully for damage of the axillary nerve, and that nerve 
suture be done immediately if evidence of rupture should be found. 

.{Comment . — It is doubtful whether rupture of a nerve can be aseei’- 
tained immediately after injuiy. It Avould be better to delay operation 
until there is definitely no evidence of leturn of nerve function.) 

One officer recommended strongly that lateral x-ray pictures of the 
shoulder, as well as the standai-d anteroposterior x-rays, be made rou- 
tinely. The anteroposterior ones .should always be taken first Avith the 
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arm in internal rotation and tlien ■with it in external rotation. Often 
one view will show an abnormality which does not appear in the other. 

{Comment.— The lateral x-ray picture of tlie shoulder should he made 
with the x-ray tube in the axilla and the film on top of the shoulder 
while the arm is held in abduction.) 

The treatment of painful .subdeltoid bursitis, with and without cal- 
careous deposits, was discussed in several conferences. There were 
numerous I’eports of relief of pain by needling, procaine injection, or 
irrigation of the bursa. 

{Comment . — These procedures are certainlj' generally accepted for 
acute subdeltoid bursitis. Satisfactory results are being reported from 
all clinics.) 

6. Fractures of the Head and Nech of the Humerus 

Two officers were of the opinion that a fracture of the greater tuber- 
osity with displacement always required an open operation whereby the 
tuberosity is fixed to the head with a peg or nail. Two physicians 
stated that for a fracture of the greater tuberosity the arm should be 
held in a position of adduction rather than abduction, as the latter posi- 
tion has a tendeircy to displace the fracture fragment. This is con- 
trary to the usual teaching. 

The hanging-east method of treating fractures of the neck of the 
humerus was discussed at several conferences. Two officers were 
strongly in favor of its use for these fractures and one was just as 
stronglj^ opposed. One physician reported eight good clinical results 
in a series of -ten eases of fractures of the surgical neck of the humerus 
treated by the hanging-cast method. 

{Convment . — The hanging-cast metJiod is as valuable for the treat- 
ment of the uncomplicated fracture of the neck of the humerus as for 
the shaft and should be employed wherever jjossible.) 

PART IT. FRACTURES AND DISIXTCATIONS OF THE ARM, FOREARM, AND ELBOW 

The group of fractures and dislocations of the arm, forearm, and el- 
bow does not constitute so high a percentage of the total fractures and 
dislocations in the Army as in civil practice. This group conipidsed 
twenty-eight cases or 5 per cent of the 580 fractures reported by one 
hospital. Of the arm, forearm, and elbow injuries, fractures of the 
head of the radius form the most common as well as the most serious 
problem. 

1. The Shaft of the Humerus 

According to the statistics, fractures of the shaft of the humerus in 
the Army Air Forces hospitals are relatively common. The main dis- 
cussion in every conference concerned the value of the hanging-east 
method of treatment. Three series of fractures of the .shaft of humerus, 
of twenty, seven, and five cases respectively, were reported; in each 
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series the hanging cast had been employed M'ith strong union of all 
fractures in a normal length of time. There was only one pliysieian 
who did not prefer this method to all others for the treatment of these 
fractures. He was using skeletal traction througli the olecranon with 
the ann in a shoulder spica at 90 degrees abduction. It was repeatedly 
emphasized that with the hanging-east method great care should be 
taken to prevent distraction of the fragments. Frequent x-rays are in- 
dicated in the early stages of the treatment. In one hospital a very 
light arm east was iised and a small shot bag was fixed under the elbow 
portion of the cast. The weight of the cast could be varied by increas- 
ing or decreasing the shot in this bag. 

It was the opinion of man}' of the olficei's that the hanging cast 
could be applied .satisfactorilj" in the casualty station of the combat 
area. The}" reeommejided that under such circumstances the arm be 
fixed to tlie trunk for comfort during tranportation. This additional 
immobilization can be secured by applying a plaster splint over the 
cast across the shoulder to the neck and firmly securing cast and splint 
to the chest wall with bandages. 

One physician was of the oi^inion that if reduction of a fractured 
humerus could not be obtained by a few days of conservative treatment, 
operation should be carried out and the fragments plated. 

(Comment . — The value of the hanging-cast treatment of fractures of 
the shaft of the humerus has now been clearly demonstrated over a 
period of eleven years. The method has come to stay; the few bad 
results are most often due to failure of the surgeon to apply properlj" the 
accepted technique. For ten days to two weeks following fracture, the 
patient should not be allowed to assume a position in which the weight 
of the cast is not pulling down on the lower fragment. This vdll pre- 
sent little difficulty if the principle of the hanging cast is explained 
to the patient and his eoopei'ation is secured. The sm'geon should 
never allow distraction to occur, but should check with frequent x-rays 
in the fir.st few days following application of the east. If distraction 
is present, either the weight of the cast should be decreased or a new 
and lighter cast should be applied after gentle manipulation of the 
fragments into better position. Circumduction and rotation exercises 
of the shoulder should be started early and continued until the patient 
returns to full duty.) 

2. Fractures Involving the Condyles and Lower End of the Hwmcrus 

There were frequent discussions of the operative versus the non- 
operative treatment of extensively comminuted fractures of the elbow. 
Dr. John Dunlop of Pasadena, Calif., reported several most satisfactory 
long-term end re.sults in patients treated by the skin traction method 
which he first described in 1927 and which he still believes to be the 
best method for treating extensively comminuted fractures of the lower 
end of the humerus. This method was advocated also by two officers at 
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other conferences. Dr. Dnnlop stated specifically, however, that if 
fraetures of the condyles could not he brouglit into good alignment 
with the closed method, open operation should be pei-formed and inter- 
nal fixation used as indicated. Several officers expressed the opinion 
that open operation was indicated only if the closed method did not give 
a good anatomic result. Two phy.sicians recommended the nse of small 
Kirschner wires for the fixation of displaced condyles. One officer was 
using small plates and screws to fix the fragments of the T fracture. 
Two officers recommended the nse of skeletal traction, with a Kirschner 
unre through the olecranon, for all fi-actures about the elbow which 
require traction. Jlany advised that this traction be applied with the 
shoulder in a spica cast in 90 degrees abduction. An officer and a 
visiting physician strongh’ recommended this tyi^e of immobilization 
for supracondjdar fractures when traction is not required to maintain 
the reduction; they advised the spica cast particularly for children, 
because of the considerable danger that the fragments may slip after 
reduction. 

{Comment . — Conservatism in the treatment of the extensively com- 
minuted and displaced fracture of the elbow undoubtedly gives the 
greatest number of good results in the hands of the largest number of 
surgeons and should therefore be advocated for military surgery. The 
displaced single condyle which cannot be held in proper alignment 
should be fixed with a screw, wire, or nail, but I believe that there are 
very few other fractures of the elbow, with the exception of olecranon 
fraetures, which should require open reduction.) 

3. The Read of the Badins 

In all conferences there was considerable discussion of the treatment 
of injurj^ of the radial head. For incomplete fractures of the head 
of the radius or complete fractures without displacement the trend is 
distinctly toward early mobilization. When immobilization was used, 
it was seldom continued for more than two weeks. One officer recom- 
mended the application of hot packs every two hours for two days, fol- 
lowed by active motion and triceps exercises. In all conferences em- 
phasis was placed upon active rather than passive motion. Two officers 
stated that if hemorrhage is present it should be removed from the 
fracture site by aspiration before motion is instituted. 

For comminuted and displaced fractures of the head of the radius, 
early excision of the fragments and the head was recommended. Many 
officers believed that removal of the displaced fragment or fragments 
was sufficient if the fracture involved less than one-third of the ar- 
ticular surface. There was considerable variance in opinion regarding 
the choice of skin incision for approach to the head of the radius. One 
officer recommended a posterior incision, a second officer a posterolateral 
incision, and a third and a fourth officer an anterior incision. The 
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latter two believed that an anterior approacli entailed less danger of 
subsequent extra-articular ealeificatiou. 

There were numerous reports of excessive calcification about the el- 
bow joint following removal of tlie head of the radius. One officer re- 
ported two patients observed in civil practice in which this abnormal 
calcification had caused complete ankylosis of tlie elbow, while a second 
officer reported two similar eases with onij’’ 5 and 10 degrees, respec- 
tively, of elbow mobility remaining. A third officer stated that this 
extra-articular calcification could be minimized by two weeks of im- 
mobilization following the removal of the head. Two officers believed 
that a good method of minimizing excessive extra-articular calcification 
after operation is to cover the end of the radius with muscle and soft 
tissue after excision of the fractiire fragments and the remaining por- 
tion of the head. Everyone agreed that, if indicated, excision of the 
fragments and remaining portion of the radial head should be per- 
formed eai’ly, preferably on the day after fracture; however, it was 
very wisely stated ‘ ‘ if there is any doubt as to whether the radial head 
should be removed, operation should be deferred until it is definitelj' es- 
tablished that removal is nece.ssary for good function.” It was stated 
at several conferences that, if not performed early, the operation should 
be delayed for several weeks. 

It was stated that two other disabling complications following the 
removal of the head of the radius are; (1) radial deviation of the 
wrist with subsequent pain and weakness and ,(2) lateral instability of 
the elbow. 

Thirty patients with fracture of the head of the radius were treated 
at one hospital as follows: twenty -four by the closed method with an 
average hospital stay of thirty-one days, and six bj’- open operation with 
an average hospital stay of fifty-two days. Those patients upon whom 
motion was started not later than the fifth day definitelj’ had the better 
end results in both groups. 

A second hospital reported twelve cases in a period of fifteen months, 
five patients treated by the open method and seven by the closed. A 
third hospital reported six patients who were treated by the closed 
method and three by open operation, with excellent end results in 
eight of the nine. In the ninth ease the patient required operation and 
slight limitation of flexion resulted. 

(Comment . — The reports of excessive calcification following removal 
of the fractured head of the radius with resultant loss of elbow motion 
emphasize the extreme care which must be exercised in removing every 
small fragment of bone and periosteum. Whether the more difficult 
anterior approach will minimize this undesii’able calcification, I cannot 
say, but this incision is definitely worth considering. When operation 
is indicated it should always be done either veiy early or very late, 
that is, after several weeks, and never during the period of new bone 
production immediately following fracture. 
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I have never oliserved lateral instability of the elbow or radial devia- 
tion of the Avrist following- remoA^al of the radial head ; I do not be- 
lieve that they Avould constitute serious complications in adult pa- 
tients.) 

4. Olecranon 

At seA'eral conferences the advisability of removing small comminuted 
fragments in olecranon fractures Avas discussed. One officer had re- 
moved the smaller fragments, carefully reapproximating the tendinous 
structures of the triceps tendon and maintaining approximation of the 
main fragments to the shaft Avith a screAV. A second and a third officer 
had remoA'^ed all of the proximal fragments. 

{Comment. — I believe that it is a dangerous procedure to remoA'e too 
manj^ fragments of the olecranon folloAving a comminuted fracture. I 
am definitely opposed to the complete excision of the olecranon iirocess 
Avhich is being advocated by some surgeons at this time.) 

5. Monteggia’s Fracture 

The treatment of the syndrome of fracture of the upper third of the 
ulnar shaft and anterior dislocation of the head of the radius AA'as fre- 
quently discussed, but only a feAv eases Avere reported. One physician 
suggested treating the ulnar fracture by inserting a Steinmann pin 
through the olecranon into the ulnar shaft and across the fracture 
line into the loAver fragment. He Avas of the opinion that reduction of 
the dislocation of the radial head could be maintained by flexing the 
elboAV after the ulnar fracture had been fixed in this manner. Excision 
of the head of the radius and this use of a Steinmann pin Avere sug- 
gested by another physician. An officer reported satisfactory results 
from plating the fractured ulna and constructing a fascial sling to hold 
the head of the radius in place, A\diile tAVO physicians recommended plat- 
ing the ulna and repairing the orbicular ligament of the neck of the 
radius. There Avere no reports of the end results of any of these 
methods of treatment. 

(Comment. — Constructing a fascial sling or repairing the orbicular 
ligament to hold the dislocated head of the radius in place is a difficult 
operatiAm procedure and should only be attempted by those Avho have 
been trained in this type of surgery. Excision of the dislocated radial 
head is indicated if its reduction cannot be maintained but should not 
be done as an initial procedure. 

Open operation Avitli plating of the ulnar fracture is alA\mys to be 
preferred to external fixation of the fracture with a Steinmann pin.) 

6. Dislocation of the Elbow 

Dislocation of the elboAv Avas frequently the subject of discussion. 
One officer adA-ocated using an elboAv sling for a period of tA\-o to three 
AA eelvs af tei reduction and then allowing motion. E. second officer re- 
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ported two previously unrecognized posterior dislocations of the elbow 
amongst overseas casualties. A third ofSeer reported the veiy unusual 
combination of a posterior dislocation of the elbow with an olecranon 
fracture. This was followed by an excessive amount of extra-articular 
bone formation; however, with splinting and rest this abnormal bone 
completely disappeared. 

{Comment . — I have personally seen large masses of abnonnal calci- 
fication in muscles and in and about joints completely disappear with 
immobilization in plaster for periods of from eight to twelve weelis. I 
strongly recommend this treatment for all complications of this type.) 

7. Aftercare of Elbotv Fractures and Dislocations 

The point was stressed in four conferences that under no circiim- 
stances should the manipulation of a stiff elbow after fracture or dislo- 
cation be allowed. Several tragic examples of such manipulation wei’e 
reported. It was further emphasized by one officer that passive 
stretching, carrying weights, and hanging by the arm from a bar are all 
contraindicated. It was stated that too often the additional injury of 
the elbow by manipulation, forced pa.s.sive motion, and stretching will 
result in a permanent decrease of mobility rather than an increase. 
i\Iany officers were of the opinion that the recovery of mobility of the 
elbow following injury should be accomplished only by active use of 
the joint. 

(Comment . — Too much stress cannot be placed upon the disastrous 
results which may follow manipulating and passively stretching an 
elbow after injury. The occasional good result does not justify the 
use of these procedures.) 

8. Volkmami’s Contracture 

This condition must fortunately be extremely rare amongst militaiy 
personnel, as no cases were reported at the twelve conferences. I have 
personally observed but one case in the Army. One physician, how- 
ever, reported five civilians with circulatory embarrassment of the 
forearm and hand folloAving elbow fractures; these were treated by 
procaine injection of the stellate ganglion and brachial plexus with im- 
provement of the circulation. It was the opinion of this physician that 
each case represented a potential Volkmann’s contracture. 

(Comment . — Procaine injections of the sympathetic ganglia are 
being performed to improve the circulation in more and more condi- 
tions involving the extremities, ilany times I have seen embarrassed 
circulation improve with such injections and I am of the opinion that 
this method should now be employed as a routine procedure in these 
conditions. ) 

9. The Shafts of the Eadius and Ulna 

There was little discussion of fractures of the forearm. Two officers 
recommended open operation on all displaced fractures, a plate being 
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used oil one or both of the fractured bones. Two otlier officers stated ■ 
that, if open operation is indicated, two incisions should be used rather 
than one because they entail less likelihood of synostosis from exces- 
sive calcification. 

PART III. FRACTURES AND DISLOCATIONS OP THE HAND AND WRIST 

Fractures and dislocations of the hand and wrist comprise the largest 
group of injuries observed in the Army Air Forces hospitals and dis- 
pensaries, constituting from one-third to one-half of the total number 
of fractures and dislocations. The common conditions divide them- 
selves into four groups : those of the lower end of the radius, the 
scaphoid, the metacarpals, and the phalanges. 

1. The Lower End of the Bactius 

a. Incidence . — Fractures of the lower end of the radius are not so 
commonly observed as in civil practice. A considerable number of 
Colles fractures, are reported; many of these, however, are actually 
other fractures of the lower end of the radius rather than the true 
Colies type. One hospital reported three fractures of the lower end 
of the radius in a series of 100 fractures of the hand and wrist; a 
second hospital reported 15 in a series of 280 fractures of the hand and 
wrist; this is an incidence of 4.7 per cent for the two hospitals. This 
figure is to be contrasted with an incidence of 11 per cent which was 
reported from the Massachusetts General Hospital Fracture Service 
several years ago. A third hospital reported 4 fractures of the lower 
end of the radius 'in a series of 110 fractures of the Avrist alone. On 
the basis that fractures of the wrist make up approximatelj^ one-fourth 
of the group of fractures of both the hand and Avrist, the incidence for 
the third hospital would be only .9 per cent. 

{Comment.- — A probable explanation is that the third hospital 
senses a field AAdiich is a cadet center, Avhere the average age is ap- 
proximately 20 years as compared Avith an average age of approxi- 
mately 27 years on the other tAvo fields. All fracture statistics shoAV 
that fractures of the loAver end of the radius are more common in the 
older age groups than the younger. This also explains the different 
incidence in the statistics from the Massachusetts General Hospital, 
where the average age of fracture patients is considerablj’^ higher than 
in the Army.) 

h. Beduction and Immolilization. — The complete or nearly complete 
Cotton-Loder position of flexion and ulnar deviation after reduction 
Av'as used for plaster immobilization by four officers. One of these 
officei-s Avas including' the thumb to provide more rigid fixation of the 
hand. Tavo officers condemned the use of the full Cotton-Loder posi- 
tion because of the dangers of median nerve injury and of stiffness, 
and in its place recommended a position of slight flexion and ulnar 
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deviation. Two other officers recommended a neutral position. Only 
twice was it stated that the elbow was immobilized in treating these 
fractures. 

{Comment . — This is surprising, as many doctors in civilian practice 
routinely incorporate the elbow in plaster after reduction of a Colies 
fracture.) 

The officers who employed the full Cotton-Loder position .spoke of 
changing the position to one of decreased volar flexion after two to 
three weeks; however, one officer was maintaining this position for six 
weeks. Two officers rei^orted the use of wire traction through the 
base of the first metacarpal or the bases of all the metacarpals in order 
to maintain reduction in extensively comminuted fractures of the 
lower end of the radius. 

Two officers enthusiastically recommended the traction method of 
Joldersma for reduction of fi’aetures of the wrist. This is the use of 
fifteen pounds of traction on the hand, obtained through .special finger 
splints, for a period of fifteen minutes. 

c. Anesthesia . — Six ho.spitals reported the use of local anesthesia 
for the closed reduction. However, general anesthesia was more often 
used than local. Brachial block was occasionally the anesthesia of 
choice. 

The onlj^ poor results were reported from hospitals where local 
anesthesia had been used. In one report there were three malunited 
Colles fractures in a series of fifteen cases. 

One officer was strongly of the opinion that in the reduction of a 
Colies fi'aeture “the operator .should not he timid, but be brutal. ’ He 
believed that the unsuccessful reduction of manj’^ of these fractures 
was due to the fact that the .surgeon did not use sufficient force. This 
officer strongly condemned the use of local anesthesia, believing that 
with its employment there was too frequently an inclination on the 
part of the surgeon to stop short of a complete reduction because of 
the pain suffered hj' the patient due to incomplete analgesia. 

(Comment . — It is my opinion, substantiated by this evidence, that 
local anesthesia should not be the anesthesia of choice in the Army for 
reduction of the fractured wrist, except in unusual circumstances.) 

2. Scaphoid 

a. Incidence. — The frequency of fractures of the scaphoid bone as 
contrasted with other fractures of the wist is most striking. One hos- 
pital reported 91 fractures of the scaphoid in 110 fractures of the wi’ist 
alone, or an i» ^idence of 80 per cent of the fractures of the Avrist. A 
second hospital reported 47 in 280 fractures of the hand and AVi’ist, 
while a third hospital reported 12 in 100 fractures of the hand and 
Avrist; this is an incidence of 15.5 per cent of the hand and AAu-ist frac- 
tures in these two hospitals. In one hospital with complete fracture 
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statistics for one year, the incidence was 8.1 per cent, Avliich is to be 
contrasted Avith the incidence of .5 per cent in ciAulian life, .stated hj’’ 
Key and Coiiaa'cU in their textbook on Fractures and Dislocations. 
Six hospitals reported haAung treated the folloA\dng numbers of scaph- 
oid fractures: 91, 47, 23, 16, 12, and 9, or a total of 198. 

h. Diagnosis . — In all the conference reports on these fractures there 
AA'as little mention of the “sprained Avrist” Avhich later shoAved a scaph- 
oid fracture, a condition so frecpient in ciA'il practice. 

{Comment . — This is probably due to: (1) a more frequent use of the 
x-ray in the Army than in ciA'il practice and (2) the medical officer’s 
constant AUgilance in looking for a scaphoid fracture in the injured 
AA'rist. ) 

One officer reported that tapping on the end of the finger tips aauII 
cause pain in the AA'rist in a lai’ge percentage of the cases of fractured 
scaphoid. A second officer stated that pressure against, and traction 
on, the tlunnh AA'ill often produce pain about the scaphoid if it has been 
fractured. A third officer reported a “ring sign” in the x-ray of the 
AATist as folloAA’S: “Fractures of the central portion of the bone are 
usually on someAA’hat of a tangent. Due to the fact that the breaks in 
the dorsal and volar cortices are not superimposed, these breaks Avill 
be seen as tAvo lines, Avhicii fuse at the lateral aspects of the bone to 
form a ring.” 

In one series fort 3 ’-five of forty-seven fractures occurred across the 
bodj’- or Avaist of the bone. Kepeated emphasis Avas placed upon the 
fact that fractures of the Avaist Avere more serious than fractures of 
any other portion. Apparently, a bipartite scaphoid, which may 
be confused with a fracture, is more frequentlj’^ observed than is gen- 
erallj^ belieA’^ed. At one conference there Avere seven officers Avho had 
observed a bipartite scaphoid in the ArmJ^ 

c. Immobilization . — It A\'as agreed in eA^erj^ discussion that firm 
plaster fixation of the Avrist, extending from the elboAV to the knuckles 
posteriorty and the crease of the palm anteriorty and including the 
thumb, AA'^as essential for solid union. Ten hospitals reported immo- 
bilization of the thumb in abduction Avith the Avrist in radial deviation. 
Five of the ten insisted that the plaster be extended to the tip of the 
thumb, while the other five carried it to a point just proximal to the 
phalangeal joint of the thumb. One officer believed that it Avas tin- 
necessarj^ to abduct the thumb but that it should be held firmty in 
plaster in a neutral position ; however, he insisted that the plaster be 
Avell molded into the palm in order that the cast obtain a firm grip on 
the hand. 

It Avas agreed at all conferences that immobilization should be con- 
tinued until the fracture showed x-ray evidence of liealiug ; this period 
usually is about tAvelve Aveeks. Mam- stated that union Avoitld occur 
in sixteen to tAventy Aveeks ; hoAvever, one officer expressed the opinion 
that it might occur in six weeks. 
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d. End Besults . — The combined reports on the end results from six 
hospitals showed 195 of 198 scaphoid fractures, or 98.5 per cent, healed 
with solid union. This is to be contrasted with the average of approxi- 
mately 80 per cent which is stated in some textbooks. 

{Comment . — ^The explanation of this high percentage of unions is un- 
doubtedly (1) early recognition and (2) proper treatment. It must 
be remembered that these figvu’es are from hospitals with well-quali- 
fied orthopedic surgeons. The percentage of unions for all Army Air 
Forces hospitals and dispensaries would not be this high but Avould 
probably be well above 80 per cent.) 

e. Nonniiion . — Two officers preferred bone grafting for the old iin- 
united fracture, but they reported only one good result. A third 
officer reported three patients who had bone gi-aft operations per- 
forjned ■noth poor results and who were later discharged from the serv- 
ice on account of painful wrists. Each of two other officers reported 
one good result from drilling across the fracture line in an old non- 
union. Another officer advised removal of the proximal fragment; 
however, four poor results following this procedure were reported. 

_ It Avas general^ agreed at all conferences that the results of opera- 
tions for nonunion seldom alloAved return to full military duty. Two 
officers stated that for military service the wrist with a nonunion of 
the scaphoid Avas generally preferable to the postoperative Avrist, even 
though union had been obtained. 

At one conference there Avere reported seA^eral patients Avliose x-ra}’’ 
pictures shoAved evidence of old fracture but aa'Iio denied having had 
any Avrist pain previous to the occurrence of a recent accident. The 
explanation is probably that these patients had old fractures with 
previous asymptomatic nonunions. 

{Comnne'nt. — These reports on scaphoid fractures shoAV that: 

1. There is a high incidence of these fractures, e.specially 
among the younger soldiers at the cadet centers. 

2. With early recognition and adequate treatment, a high 
percentage of unions can be expected. 

3. In the Army, operative treatment of the old ununited 
fracture seldom leads to a good result and hence is never indi- 
cated, except for the soldier AAdio can be placed on limited duty. 

4. A bipartite scaphoid shoiild ahvays be looked for and, if 
suspected, should be iuA'estigated further by x-ray examination 
of the other Avrist. 

5. ]\Iany old ununited fractures are asymptomatic.) 

3. The Metacwpals 

a. Incidence . — One hospital reported thirty-tAVO fractures of the 
metacarpals in a series of 280 fractures of the hand and wrist, an inci- 
dence of 12 per cent ; another hospital revicAved a series of tAventy-f our 
fractures. 
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h. Trcaimcni . — At all conferences it Avas agreed that a displaced 
fracture should be treated with skeletal traction, especially a fracture of 
the Bennett type (fracture dislocation of the base of the first meta- 
carpal). One officer reported twenty-six good results in thirty-tivo 
metacarpal fractures folloAving the use of skeletal traction through the 
nearest phalanx. A second officer expressed a dislike for skeletal trac- 
tion; he recommended skin traction obtained by using stockinet Avith a 
cellulose acetate prepaidion applied on the fingers and/or thumb. In 
another hospital, traction Avas obtained by flic application of a toAvel 
clip through the distal end of the metacarpal just back of the head. 
This method is particularly applicable to fractures of the first meta- 
carpal, especially the Bennett fracture, but can also be used for frac- 
tures of the second and fifth metacarpals. 

Tavo officers disapproved of the use of a “roll of bandage” in the 
palm for immobilization of a metacarpal fracture, objecting to the re- 
sultant stiffness. One consultant Avas of the opinion that the best 
treatment for fractures of the metacarpals and phalanges is tAvo Aveeks 
of immobilization, folloAved by a period of active physical therapy. He 
believed that too frequently the prolonged immobilization of these 
fractures is folloAved by poor results. 

Knuckle fractures or fractures of the metacarpal neck Avere dis- 
cussed in all conferences. The reduction Avas being satisfactorily ac- 
complished in tAvo clinics by flexing the metacarpophalangeal joint and 
pushing upAvard (in a dorsal direction) on the first phalanx and down- 
Avard (in a volar direction) on the shaft of the metacai’pal. Immo- 
bilization in this position Avas being secured by the use of plaster. 

In undisplaced fractures of both the metacarpal bone and phalanx, 
one officer described excellent results folloAAdng the injection of pro- 
caine into the fracture site and the early institution of motion. 

Five officers discussed the use of Kirschner Avires through tAvo or 
more metacarpal shafts for immobilization of the fractured metacarpal, 
after the method described by Waugh, and Berkman and Sliles. From 
one to three Avires were inserted, and motion of the fingers and hand 
Avas started immediatelJ^ One officer reported a soldier Avho returned 
the next day to Avork as a mechanic. HoAvever, there Avas a report of 
tAvo cases of infection of the hand folloAving the use of this method. 

One officer reported an arthrodesis of the first carpometacarpal joint 
because of pain in the hand folloAving a Bennett fracture. FolloAving 
this operation the hand shoAved excellent and painless function. 

{Comment. — The Kirschner wire method for immobilization of frac- 
tured metacai-pals should definitely be used only in selected cases, as 
the reports of infection of the hand sIioav that the metliod is attended 
by ail element of danger Avhich cannot be disregarded.) 

4. Phalanges 

a. Incidence.— Fractwves of the phalanges are by far the most com- 
mon of all. One hospital reported 177 in a total of 280 fractures of 
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the wrist and hand, an incidence of 63 per cent. Another liospital 
reported that fractures of tlie proximal phalanx constituted 50 per cent 
of all fractures of the hand. 

1). Baschall or Mallet Finger. — ^Baseball or mallet finger was dis- 
cussed at all conferences. The results Avere in general so unsatisfac- 
tory that in many hospitals open operation had been frequently iised 
in an effort 1o find a more satisfactory solution. However, one of these 
hospitals reported eight poor re.sults out of ten patients operated upon, 
the operation having been followed by suppuration and the extrusion 
of black silk sutures. Needle.ss to say, this hospital had discontinued 
the procedure. Tavo officers reported an open operation Avith the use 
of AA'ire, tantalum in one instance and steel in the other. The ends of 
the Avire suture Avere alloAved to proti-ude throAigh the skin, and later 
the suture Avas removed. Two good results, after six and tAA^elve 
months, respectively, Avere reported Avith this procedure. The same pro- 
cedure Avith the use of silk instead of Avire Avas reported by another 
officer ; his results were not given. 

EA’eryone agreed that the correct position for the splinting of the 
finger is one of hyperextension of the distal phalangeal joint accom- 
panied uisually by flexion of the proximal phalangeal joint. This posi- 
tion Avas being maintained in tAvo clinics by the use of a plaster thimble 
AAdiich extended from the tip of the finger to a point proximal to the 
first interphalangeal joint. The immobilization time Avas usually 
three to six AA’ecks. One officer reported maintaining this same posi- 
tion b3’^ meaiAS of a circular adhesive dressing, beneath Avhich felt pads 
Avere placed at the tip of the finger and distal end of the proximal 
phalanx. One hospital i-eported umsatisfactoiy results in 50 per cent 
of all patients aa'Iio Avere treated Avith splints. 

One officer stated that flying personnel Avith baseball fingers fre- 
qviently reported the fact that at approximately 15,000 feet they Avefe 
unable to use these injured fingers. 

c. Treatment of Fractures of the Phalanges. — Skeletal traction Avas 
being rather generallj' used to maintain position of the fragments, 
especialh^ Avhen the fracture AA'as near a joint and the fragments dis- 
placed. One officer reported inserting a surgical needle under the at- 
tachment of the flexor tendon to the terminal phalanx for traction. A 
second officer cautioiaed against the use of a motor saAV in inserting 
Avires through phalanges for skeletal traction. 

A hairpin splint was being u.sed in tAA'o clinics for the immobiliza- 
tion of the distal phalanx. A third officer reported the satisfactorj' 
use of the om 1 , f inch steel tape from packing cases as a splint ma- 
terial. 

A fourtii o:'’ cr reported improA’ement in finger function from 
arthrodesis of an interphalangeal joint after severe intra-articular 
fractures of the phalanges. The position of anlndosis Avas one of 
slight flexion. 
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{Comment . — The evidence certainly does not favor open operation 
for the baseball finger. 

Arthrodesis for tlie nialunited intra-articnlar fracture should be pex*- 
fornied as a last resort and only when it is necessary for the relief of 
pain. ) 

PART IV. FRACTURES AND DISLOCATIONS OF THE HIP, THIGH, AND KNEE 

The problems involved in injuries of the hip, thigli, and knee are 
fortunately seldom observed in the Army Air Forces station hospitals. 
Because these liosiiitals usually evacuate patients with major fractures, 
including' most of this group, to the general hospitals, the reports from 
these station hospitals are not of great .significance. At the confer- 
ences, reports were given of six patients who had fractures of the femur 
and who died of fat embolism following transportation to another 
hospital; all of these patients had been transported soon after injury. 
This information should sound a note of Avarning concerning too early 
transfer of patients Avith major fractures to other liosjiitals. 

1. Fractures of the Hip 

Fractures of the hip definitely do not constitute a problem in the 
Army hospitals. It is rather interesting to note that in a report of 
366 cases of fracture of the hip in civil practice, there Avere only thirty- 
four patients, or 9 per cent, between the ages of 18 and 45 years, 
Avhieh are the age limits for induction into the Army. 

There Avas a report of fifty patients treated in civil practice by the 
use of four IMoore nails, Avith a folloAA’^-up of one year or longer. Solid 
union Avas present in 90 per cent of the hips. This percentage, of 
coui'se, is much higher than that reported by most adA-^ocates of nailing 
for fractures of the hip. 

At one large general hospital only tivo hip fractures Avere obserA’^ed 
over a period of three years. One of these Avas malunited and the 
other ununited. 

One officer reported the following operattye procedure for nonunion 
of fracture of the hip : a subtrochanteric osteotomj" Avas performed ; a 
blade type of nail plate, such as is made for intertrochanteric frac- 
tures, Avas then used in a rcA'ersed position to hold the fragments 
approximated in their ncAV alignment. 

2. Dislocations of the Hip 

In the Army, traumatic dislocation of the hip is observed much 
more frequently than fraetui'e of the hip. In all discussions it AA^as 
stated that AA'hen dislocation is associated Avith a posterior acetabular 
marginal fracture the dislocation should first be reduced; if the frag- 
ment remains displaced, an open operation is then indicated for its 
reduction and internal fixation. 
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varus or valgus, repositioning the fragments Avtii a clamp, applying a 
circular cast with the knee in varus or valgus, and applying traction 
through the cast. 

(Comment . — Some of the most .serious fracture ])i'oblem.s are jire- 
sented by the plateau fractures -which wc have to treat. I believe 
that the depressed and displaced fracture should be exposed by open 
operation, the fragment or fragments restored to as normal a po.sition 
as f)o,ssible, and the fi-agments then fixed in place with a bolt, screw, 
or nail. Following this, early motion is indicated, but weight-bearing 
.should be delayed for at least twelve to sixteen weeks. Tliese frac- 
tures, despite the best of treatment, seldom result in normal, painless 
knees.) 

PART v. PJJACTUHE.S AND DISI.OOATIONS OP TUP LEG AND .VNKI.E 

Fractures and dislocations of the leg and ankle constitute a large 
problem in the Army Air Fo)‘ces ho.spitals, since fractures and disloca- 
tions of the ankle are the most common in.iuries except for those of 
the wrist and hand. 

1. jS7(o/t of the Tthia and Fibula 

In a series of 100 fractiires of the leg and ankle, tliere were 5 of the 
shaft of the tibia and 95 of the ankle. 82 of which involved only the 
external malleolus. 

In all discussions it was generally agreed that for the oblique and 
displaced fi’acture of the tibia, in which the fraganents cannot be main- 
tained in alignment by traction, an early open reduction and internal 
fixation, preferablj’ with a plate, is indicated. For fixing the fragments 
in long oblique fractures, one officer used two to four screws without a 
plate. He believed that in difficult fractures an open operation was 
far preferable to the idsk of nonunion Avhich might follow separation 
of the fragments by traction. 

One officer was enthusiastic about the use of the three-section cast 
method in the treatment of fresh fractrires of the shafts of the tibia 
and fibida. The uf)per and lower sections were fir.st aijplied. then, 
after reduction, the middle section was added. 

For treatment of the old fracture of the femoral or tibial shaft Avith 
overriding, one officer from a general ho.spital reported the successful 
use of skeletal traction obtained on a fracture table. The amount of 
traction was gradually increased until the oA^erriding AA'as cox’rected. 
The extremity was then immobilized in plaster, the pins used for skele- 
tal traction being incorporated in the cast. 

For the old fracture Avith absence of a section of the tibia, an officer 
reported the operation of fusing the lower tibiofibular joint. It Avas 
found that follOAving this procedure the fibula often will hypertrophy to 
a sufficient size and strenprth to bear the Aveigbt of the patient. 



RKCENT ADVAXCES IN SUKGERY 


■593 


One officer cautioned against using too much traction on the os calcis 
in treating fractures of the lo-sver leg. In one iiatient he liad observed 
as much as one-half inch of separation between tlie astragalus and tlie 
lower surface of tlie tibia. Tliis .stretching of the joint ligaments, he 
stated, might result in pain and a permanent relaxation of the ankle 
joint. A second officer reported that he had observed subastragalar 
joint pain after traction obtained by a Steinmann pin in the os calcis. 

(Comment . — For the oblique and oveiriding fracture of the shaft 
of the tibia, internal fixation of the fragments is becoming more and 
more popular in many clinics and is the procedure of choice. It enables 
the patients to return to full military aetiffity with fewer days lost fi'oin 
duly than after treatment by nonoperativc methods. 

Pain and disability in the ankle and subastragalar joints after skele- 
tal traction applied to the os calcis can probably be avoided by using 
no more traction than is absolutely necessary to reduce the fracture 
and by continuing this traction no longer than is necessary to prevent 
slipping of the fragments.) 

2. The Amide 

* 

How to treat fractures of the external malleolus was a subject of 
discussion at eveiy meeting. It was recommended by three officers 
that the undisplaced fractures be not immobilized in plaster but in- 
jected with procaine, supported by strong adhesive strapiiing, and 
allowed immediately to bear weight. However, a great many advo- 
cated the use of a walking east for a period of two to four weeks. The 
treatment of minor fractures of the ankle and foot with and without 
pla.ster casts was reiiorted from an infantry camp. The average time 
lost from duty was without plaster, thirty-four days, with plaster, 
fifty-seven to fifty-eight daj's. 

An unusual case of nonunion of a transverse fracture of the ex- 
ternal malleolus at the level of the ankle joint was reported. 

For displaced fractures of the internal malleolus, especially when the 
fragment is rotated, it was agreed that in most instances the malleolus 
should be fixed to the tibia with a nail, screw, or bone ga-aft. It was 
stated that often the periosteum became interposed between the mal- 
leolus and lower tibia and prer^ented union. The statement was made 
that walking casts definitely increased the incidence of nonunion of 
the internal malleolus and tliat they are contraindicated when this 
malleolus is broken. 

For diastasis of the tibiofibular joint, one officer recommended the 
use of a vitallium screw. Avhile another officer recommended using 'a 
bolt to fix the fibula to the tibia. 

For fractures of the posterior malleolus -with a large di.splaced frag- 
ment, accurate reduction and, if nece.ssary, fixation by a screw or nail 
into the tibia were recommended. 
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{Comment . — The tenclencj’ is distinctly toward open operation for 
moi’e accurate reposition of fractui’es of tiie internal and posterior 
malleoli. The necessity for .such treatment is beiny: constantly empha- 
sized by the large numbers of soldiers who are unable to perform full 
military duty because of ankle pain following these fractures. 

For fractures of the external malleolus not involving the joint, early 
mobilization and weight-bearing should be followed by better results 
than is prolonged plaster immobilization without weight-bearing. If 
a cast is applied, it .should always be of a weiglit-bearing or walking 
type.) 

•j. Sprains of the Anhle 

At most eonferejices there was considerable discussion of the treat- 
ment of the ankle sprain without fracture. An anteropo.sterior x-ray 
picture of the ankle with tlie foot in inversion with or without a previ- 
oas procaine injection was strongly advocated by three officers. This 
view often will show a separation between the astragalus and tibia 
Avhieh is indicative of a ligamentous rupture. If such rupture is 
pre.seut. suture of the torn external lateral ligaments is to be consid- 
ered. One officer reported 12 eases of .severe ankle sprain, in three of 
which the torn lateral ligaments were sutui-ed. The I’e.sults wei'c not 
given. The same officer reported the repair of a torji exterjial lateral 
ligament ])y using the tendon of the i>eroneus brevis muscle. 

At one conferejiee there was a demonstration of ti’eating the severe 
ankle sprain by the ap])lieation of a .skin-tight i^laster splint cast 
similar to the Del bet walldng pla.ster. This extended from below the 
knee to the plantar srirface of the heel. Early weight-bearing was 
encouraged. It was reported that this treatment allowed an earlier 
return to normal activitj' than did other methods. 

For mild ankle sprains, procaine hijection of the tender areas with 
immediate weight-bearing was frequently recommended. With this 
method some reported excellent results with little or no time lost from 
duty; others had tried the method and abandoned it because of un- 
satisfactory results. 

PART VI. FRACTURE-S AND DISLOCATIOXS OF THE FOOT AXT) TOES 

The incidence of injuries of the foot and toes is le.ss than that of 
injuries of the ankle. Injuries to the toes are more common than are 
those oi \i.i foot. 

1. The Astragalus 

Thei-f* were frequent references to aseptic necrosis of the astragalus 
following a fracture dislocation. Turn physicians recommended that a 
subastragalar arthrodesis be performed a few weeks after this injurj'. 
Two officers were enthusiastic about the so-called wedge arthrodesis 
of Sehroek for this fractui’e dislocation. In the Schroek procedure the 
bod 3 ^ of the astragalus is removed; then all cartilaginous surfaces are 
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removed from the body as well as from the lower surface of the tibia 
and the upper surface of the os calcis; finally the body is reshaped to 
fit the space between tlie tibia and os ealeis and is insei-ted therein. Two 
cases were reported with satisfactory end results following the Blair 
operation, which consists of sliding a graft down from the tibia to the 
head and neck of the astragalus after removing its body. 

(Comment. — Fortunalely. fractures of the astragalus are rare. It 
is ahvays safe to recommend arthrodesis of tlie subastragalar joint 
when the fracture involves tliis joint and when there is persistent pain 
after liealing. After fracture of the neck and dislocation of the bod}^, 
there is little likeliliood of a painless foot without an arthrodesis. 
The operations of Schroek and Blair are both sound procedures and 
can be recommended.) 

2. Scaphoid 

At one conference the unusual condition of scaphoiditis in a soldier 
21 years of age was reported. 

3. Os Calcis 

Fractures of the os calcis are infrequently observed in the Army Air 
Forces hospitals. One officer recommended packing in ice the acutely 
svmllen foot following this fx'acture. In all discussions emphasis xvas 
placed upon early reduction. It Avas reported from one general hos- 
pital that only one of appi’oximately twent-fiA'^e compressed and com- 
minuted fractures of the body of the os calcis among overseas casual- 
ties had been reduced before arrh'al at the hospital. It was reported 
from another general hospital among many overseas casualties only tAVO 
fractures of the os calcis had been reduced. 

There Avas frequent discussion of the best method of reduction. 
Three physicians Avere enthusiastic about the Herman method, or its 
modifications, for reshaping the compression fracture of the os calcis. 
The statement Avas made that in a series of OA^er 200 cases reported by 
Dr. Herman from civil practice, 75 per cent of the patients had re- 
turned to Avork in six to nine months. One officer made the statement 
that any fracture of the os ealeis AA'hich extended into the subastrag- 
alar joint resulted in 25 per cent permanent disability, AAdiile a second 
officer .stated that in his experience the permanent disability had been 
35 per cent. 

The statement Ava.s often made that immlvement of the subastragalar 
joint indicates a triple arthrodesis as an early operative procedure, 
usually AAdthin three to four AA^eeks after the injury. In the reshaping 
of the compressed and comminuted os calcis, emphasis Avas placed on the 
restoration of the tuber or salient angle, formed by the plane of the 
subastragalar joint, projected posteriorly, and that of the posterior 
superior surface of the os ealeis. Normally, this angle is betAA'een 30 
and 35 degrees. One officer AA'as of the opinion that gradual AA-cight- 
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bearing after the healing of the fracture ivas prefei'able to immediate 
full weight-bearing. He recommended starting with twenty-five pounds 
of weight-bearing on the heel and increasing this by another twenty-five 
pounds each two to three weeks. 

It was the opinion of one officer that a soldier with a • compre.ssed 
and severely comminuted fracture of the os ealcis was nearly always 
given a certificate of disabilit.v discharge (O.D.D.). 

At one confei’ence, which approximately 150 persons attended, this 
question was a.sked:' “Have you returned one or more soldiers with 
compressed and comminuted fractures of the os ealcis to full military 
duty?” No officer in the audience answered this question in the 
affirmative. At a second conference, one officer reported two patients 
with compressed fractures who returned to full duty, and a second 
officer reported that two of three patients with this fracture returned to 
limited duty only. At a third conference, two nurses were reported 
as returning to full duty. One con.snItant reported that five patients 
with simple fractures without comminution returned to duty. One 
officer made the .statement that tlie British in some instances had con- 
cluded that the end result of treatment of a comminuted fracture 
of the os ealcis was as satisfaetoiy without reduction as with reduction. 

{Comment . — The evidence certainly justifies the statement that very 
feAv soldiers are returning to full military duty after sustaining a se- 
verely comminuted and compressed fracture of the os ealcis. 

The method selected for the reduction should ahvays be that Avith 
which the surgeon has had most experience and has obtained best re- 
sults. The Herman method or any of its modifications is excellent. 

After healing, gradual AAcight-bearing AA’itb t)ie arches of the foot 
properly supported is to be recommended.) 

4. Metatarsals 

IMetatarsal fractures are not of frequent occurrence, except those 
Avliich come AAuthiu the classification of “march fracture.” The only 
discussion of metatarsal injuries other than march fractures AA'as on 
the subject of avoiding plantar angulation in the treatment of fractures 
of the metatai'sal shaft. 

a. March Fractures. — ilarch fractures are A'ery common in all hos- 
pitals and dispensaries. Although .some officers are still using AA’alking 
ca.sts, there has been a definite therapeutic trend toward less immo- 
bilization and earlier weight-bearing. Thei-e AA-as one report in Avhich 
thirty-seven patients Avith march fractures Avere sati.sfactorilj* treated 
by being retained in quarters for periods averaging ten to tAventy-one 
days, after which strapping and an anterior arch support on AA'eight- 
bearing AA’ere used. 

An officer in an infantry camp reported that he had treated 105 
march fractures in two A-ears. He emphasized in diagnosis the im- 
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portauce of doi'.sal pain and of always taking oblitpxe x-ray pictures 
in addition to anteroposterior and lateral views. He had satisfac- 
torily treated the last eighty fractures by splinting for the first eighteen 
to twentj'-one I days and limited walking for the next two Aveeks. He 
made the suggestion that these fractures might in some 'way be sea- 
sonal, as the greatest number had been observed during tbe month of 
June. 

From another infantry camp came a reixort of 200 or more march 
fractures. The incidence A’aried from ten to forty a month and was 
ahvays highest when the troops xvere on long marches. The treatment 
consisted of bed rest until the sorene.ss disappeared and then gradual 
weight-bearing Avith an anterior arch pad in the shoe. One ease of 
bilateral march fracture Avas reported. 

One officer thought that stress and strain placed upon the second 
metatarsal head in doing “about face’’ or “to tlie rear, march’’ might 
be a eaixsative factor. 

■ There Avere reports that sixty men Avith march fractures had been sent 
to one general hospital and that forty had been sent to another general 
hospital. Some of these patients had been given so much prolonged 
rest that extensive bone atrophy, similar to Sudeck’s atrophy, was 
present in the x-rays. 

Among 313 march fractures reported from an infantry camp, 59.4 
per cent involved the third metatarsal bone and 34.2 per cent the 
second; in the first x-ray pictures, 18 per cent shoAved no bone lesion 
and 40 per cent showed periosteal proliferation Avithout a fracture line. 
This evidence substantiates the statement, made by several officers, that, 
“a soldier Avith clinical eAudence of a jnareh fracture should be treated, 
irrespeetiA'e of a negative x-ray.” 

Fractures similar to a marcli fracture Avei’e reported as haAung been 
obseiwed in the tibia, femur, iielvis, and ribs. 

{Comment. — The tremendous A’olnme of information on march frac- 
tures certainly opens up a neAV field of thought in boxie jDathology. 
Stresses and strains not associated with direct trauiAia but sufficient to 
cause a rupture of the normal continuity of bone have not been con- 
sidered of great importance before; noAv that lesions similar to those 
in the metatarsal shafts are appearing in the tibia, femur, pelvis, and 
ribs, more attention must be given to the condition. The best treatment 
for march fractures, according to the eAudence here presented, appears 
to consist of re.st Avithout rigid immobilization and of early Aveight- 
bearing with support of the anterior arch.) • ■ - 

5. Toes 

At all conferences, emphasis Avas placed upon the absolute minimum 
of treatment for fractures of the toes, because of the danger of psycho- 
logic changes in ])atients Avitli oA-ertreated minor injuries. 
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Officei-s from two Air Service Command Depots reported a very high 
incidence of fractures of the toes. In both of tliese reports, emphasis 
was placed upon the use of a safety shoe. Tliis shoe has a steel covering 
built into the shoe over the toe which forms a definite safeguard against 
fracture. 

It was reported from one Air Service Depot that of sixty-one frac- 
tures of the toes, fifty-four had been caused by falling objects. The 
treatment had consisted of only procaine injection and strapping. The 
average time lost fi'om work was 2.3 hours. 

One officer described a ifiaster moccasin for the treatment of these 
fractures. The use of a small Kirschner wire under the periosteum of 
the phalanges for fi.xation of the more severe fractures was reported. 
One ph 3 ’'sician made a plea not to soak the foot in hot water, as he 
believed that liot soaks made the pain worse and the disabilit.v greater. 

It was stated that a foot which has had one or more toes amputated 
is not a good foot for militaiy service. 

{Comment. — Praetiu’cs of the four .smaller foes should be treated as 
little as possible. The great toe ma^’’ require more ti’eatraent than the 
others. Earh' walking after fracture of a toe is unlikel.v to be harmful 
and should be encouraged.) 

PART \ir. FRACTURES AXD DISLOCATIONS OP THE SPINE AND PELVIS 

Fractures of the spine are relativelj’" common; those of the pelvis are 
observed much less frequentlj'. It is reported from one general hospital 
that of all men with fractures admitted. 11 per cent had fractures of 
tlie spine and pelvis. 

1. The Spine 

One officer made tlie plea that a single position be taught for trans- 
portation of men with fractures of the spine. lie was of the opinion 
that the supine position Avas best and that instruction should be given 
reg’arding In'perextension of the spine for use Ai'hen indicated. 

{Comment . — The latest Arny manual on fii'st aid noAV teaches onl.A' 
the supine position for tlie transportation of those with a fractured 
•spine. The British have found from experience that it is Avise, in nearlA' 
all instances, to trans]iort the patient Avith a fractured spine in the posi- 
tion in Avhich he is found, being careful not to “fold the bod.v.’’) 

o. Cervical Spine .-—The Crutchfield .skull tongs are being used gen- 
erallj' for traction on the ceiwical spine in fracture dislocations. One 
officer, hoAvever, preferred the Barton tongs. There Avere tAVO reports 
of psA’chic changes folloAving the use of tongs in the .skull, that is, a 
■'tong ps.A'cliosis. ” At one conference a plea Avas made for using tongs 
no more fre({uentn- than absolutely necessaiy. One officer suggested 
applying fifteen to twenty pounds of traction to the tongs, taking a 
lateral x-ray picture of the ceiwical spine after fifteen to tAventy 
minutes, and. if the dislocation is reduced, decreasing the traction to 
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ten to twelve pounds. lie l)elieved tlie tongs should be lelt on for 
a period of only three to four weeks and followed by a plaster jacket 
of the Calot or hlinerva type. 

Another officer recommended taking lateral x-ray pictures with the 
neck flexed if the first films were negative and fracture ivas suspected. 
It was stated that injuries of the seventh cervical vertebra were most 
often missed in the x-ray examination. 

There was a discussion regarding fusion of the cervical spine for 
fi’acture dislocation. One officer from a general hospital reported two 
successful fusions for fracture dislocation. A second officer was of the 
opinion that in such an operation only two vertebrae .should be fused. 
It was stated at one conference that, by means of traction, a dislocation 
of the cervical spine could he reduced up to six to eight weeks from the 
time of injury and that this was not true of dislocations in other parts 
of the spine. 

The “two mattress’’ technique of allowing the head to hang over a 
first mattress onto a second to seciu-e hyperextension was described. One 
officer preferred the Schanz cotton collar to .support the head and neck 
in all cervical spine injuries not requiring traction or rigid fixation. 

{Comment . — The desirability of minimizing the length of time for 
leaving “skull tongs’’ in place is CAudent. A “tong psychosis’’ may 
prove to be a very serious complication and the use of tongs is not al- 
Avays essential. 

Cervical spine x-ray pictures in the anteroposterior and lateral posi- 
tions should always be Amry carefully made. If they are negative and 
the clinical evidence points to bone injury, lateral x-ray pictures .should 
be made Avith the cervical spine flexed as suggested.) 

h. lAmiibar and Dorsal Spine. — The question of the best type of re- 
duction for compressed fracture of the A’ertebral body AAms repeatedly 
discussed. Dr. John Dunlop, of Pasadena, described his method of 
hyperexteusion Avith GoldthAvait irons, used since 1927 on 180 cases. 
He reduces the compression immediately unle.ss there is an impending 
paralytic ileus, in Avhich ease he waits six or seven days. He .stated 
that paralytic ileus is a complication in approximately 30 per cent of 
these fractures. He Avas of the opinion that early ambulation is contra- 
indicated and that bony union occurs in about four months. He, as 
Avell as another physician, made the statement that it is useless to at- 
tempt to reduce a compression fracture of the body of a dorsal vertebra 
above the tenth dorsal, as it is seldom possible to accomplish a reduction. 

Several physicians recommended immediate reduction by forced 
hyper extension, application of plaster in the hyperextended position 
and allowing the patient to AAmlk, in one in.stance in eight to ten hours 
after reduction and in another instance in tAventy-four to forty-eight 
liours. In contrast with this, one orthopedic surgeon Avas of the opinion 
that these patients should be kept in bed for six to eight Aveeks after 
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iujurj'. and another advised bed rest for tliree to fonr montJis. Tiie 
adA'oeates of immediate ambiilation in plaster stated tliat it is important 
to maintain a snng fit by elianging the east when it becomes loosened. 
Several physicians stated that the cast should always be followed by a 
brace. It was repoided that one prominent Englisli ortliopedic surgeon 
thought tJiat muscle development was more important than reduction of 
the fracture. There was a report of pressure ischemia and slough over 
a part of the back after the use of a Ryerson automobile jack to secure 
hj'perextension. 

A medical officer in a processing center leported tuenty-tvo patients 
with compressed fracture of the body who returned to limited duty, 
while one officer from a general hospital thought that most patients Avith 
fractured spines would e^’entnally be given certificates of disability dis- 
charge (C.D.D.). 

An officer from a general hospital reported several cases in which the 
os ealcis. spine, and skull vei’e fractured. 

It was reported that a pilot avIio .iumped from a plane felt .something 
snap in his back as he was spinning around in his parachute. X-rays 
showed later that he had a compression fracture of the body of the 
twelfth dorsal Acrtebra. Eight compre.ssion fractures of bodies of the 
vertebrae were reported as occurring in soldiers Avho attempted to hold 
dOA\n scA-eial planes in a high wind Tlie mechanism of injury was the 
same for all. namely, foieed flexion of the spine as the planes .suddmil.A 
dropped to the ground after being lifted hy the A\ind. 

A case of posterior displacement of a A-ertebral body w’ith complete 
paraplegia and herniation of the diaphragm was reported. Another re- 
port from a general hospital de.seribed .six or more cases of ruptured 
diaphragm in overseas casualties associated with fracture of the body of 
a vertebra The A'crtebrae involved were the sixth to the eighth dorsal. 

An officer stated that arthritis often develops above and below the 
lei el of fusion for a dorsal or lumbar fracture and that fusion is seldom 
indicated 

I Comnunt — 1 faioi bed icst in plaster lor four to six weeks after the 
1 eduction ot a compiession tiactuie of the lower dorsal or lumbar spine 
This shoiihl be followed In a giadual leturn to w’alking in a plaster 
.lackct 

The 1 eduction ot compression fractures of the middle and upiier 
dorsal spine is neier satisfactoiw Some British sources haA'e reported 
not attempting to reduce these fractures when there are no neurologic 
changes but ti eating them s\ inptomatieally only. The end results ma.v 
be just as satisfactory Avith tins method as with any other; howevei’. I 
would favor at least six weeks of absolute bed rest as the initial treat- 
ment. 

Following eoiiAuleseenee from a compression fracture, most soldiers 
should be placed on limited duty, a feAv may do well on full duty, but 
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undoubtedly many will not be able to I’eadjust tliemselvcs to military 
activity and may have to be discharged from the Service.) 

c. Transverse Processes . — It wa.s repeatedly enpihasized that when 
one or two transverse processes are fractured the be.st treatment consists 
of adhesive strapping and re.st in bed without plaster immobilization. 
As in all .spine fractures, pliysical therapy, including exercises to 
strengthen the back muscles, is indicated as soon as practicable. One 
officer was of the opinion that nearly all of these patients could be re- 
turned to duty in six weeks. To avoid tlie jjossibility of p.s.vchologie 
complications, a second officer emphasized the need of avoiding the term 
“broken back” and of telling the patient that he has a strain or sprain 
of the back. 

el. Spinons Processes . — Several officers expressed the opinion that 
treatment of fractures of the spinous processes should be similar to that 
described for the transverse processes. A contrasting opinion, however, 
was expressed by one officer who thouglit that the treatment should con- 
sist of aspiration of the hematoma and immobilization in plaster in 
hyperexteusion for eight to ten w’eeks. If pain per,sisted and remained 
localized to the fractured area, he then advised removal of the fractured 
spinous process. 

{Comment . — In the pa.st there has been a tendency to overtreat frac- 
tures of the transverse and spinous processes. The convalescent period 
will be distinctly less with a minimum of immobilization and rest; the 
end results will be just as satisfactory. It is believed that localized 
pain persisting after fracture of a spinous in-ocess is due to nonunion 
and that the fragment should be excised.) 

2. Pelvis 

Discussion regarding fractures of the xielvis was extremely limited. 
Very few cases ■were reported. One officer from a general hospital gave 
the following suggestions for treatment, in addition to rest in bed on a 
fracture board: 

1. A pelvic girdle is indicated for fractures of the anterior 
arch of the pelvis. 

2. A suspension hammock is indicated for fractures of the 
posterior arch. 

3. Traction should be applied to the corresponding lo-n’er 
extremity if one side of the pelvis is displaced up-nmrd. 

One offieer made the statement that weight-bearing can bo allo-wed in 
four weeks if the fracture is not extensive and if the acetabulum is not 
broken. 

A second officer described an iiitrapelvic approach for reduction of 
• acetabular fractures and central dislocations of the hip. 

,{Commciif.-—In the treatment of fractures of the pelvis, the question 
of the proper time to allow weight-bearing always arises. It may be 
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that four -weeks is a perfectly safe time in the case of simpler fractures 
not immlving the acetabulum, but for all others, twelve weeks is the 
safest period. 

It is my opinion that in the Army, due to the fact that trauma is often 
much more severe than in civil practice, more injuries of the bladder 
and urethra are observed in association with fracture of the pelvis.) 

PART -sun. CO:^rPOU^^D FRACTURES 

The magnitude of the problem of compound fractures in time of 
war is exemplified in the statistics from the Veterans’ Administration 
of World War I. From 1919 to 1926 there were 22,954- compound frac- 
ture cases in the records of the Veterans’ Administration. Of this 
number, 4,053, or 17.6 per cent, of the men had osteom^nlitis, and 4,244, 
or 18.5 per cent, were being compensated on the basis of a total dis- 
ability. AVith the use of sulfonamides and penicillin in World AVar II, 
the percentage of osteomyelitis cases in the compound fracture group 
will cei'tainly be less, hut the totals will undoubtedly still he impressive. 

As very few persons at the conferences had had actual experience 
in the combat areas, the discussions were, in most instances, based on 
experiences in station and general ho.spitals in the continental United 
States. Emphasis was repeatedly placed on the teaching that com- 
pound wounds should not be closed. However, there Avcre reports of 
good results after the closure of compound wounds in station hospitals, 
where definitive treatment had been given within the so-called safe period 
of six to eight hours after injury; all of these patients were treated 
before the most recent directives of Tlie Surgeon General’s Office on 
this subject rvere published. Two disastrous results, however, Avere re- 
ported from station hospitals in cases in which the wounds had been 
closed and gas gangi-ene had dcAmloped. 

{Comment. — In time of war there should be only one teaching on the 
subject of closure of the Avounds of compound fractures: They slionM 
not he dosed. There is ahvays an element of cliance in closing such a 
Avound, and among military personnel this risk should not he taken. 
The report of two disastrous results following Avound closure is sufficient 
eAudence to emphasize this point.) 

In nearlj’ every clinic the treatment of compound fractures noAV in- 
volA-es the use of one or more of the sulfonamides. Sulfathiazole or 
sulfadiazine is often giA-en by mouth, and usually sulfanilamide is 
sprinkled or dusted into the wound. One physician recommended sulfa- 
thiazole dissolved in Avater, hoAVCA-er, as an instillation for Avounds. One 
of the objections to the local use of sulfathiazole has been that it tends 
to cake and act as a foreign body; hoAvet'er, in aqueous solution it will 
not cake. 

At this time the most pertinent subject hr the discussion of infec- 
tions is the place of penicillin, its use as a preventiA^e as Avell as a 
curative agent, and its relationship to the sulfonamides. In five of the 
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conferences there were reports of seemingly miraculons i-esults with the 
use of penicillin for infections. One physician from a general hospital 
reported use of the drug locally for infected areas; it was applied in 
the form of a wet dressing, 250 nnits being used per cubic centimeter 
of fluid. 

{Comment . — .With more information now becoming available on 
penicillin, which apparently is more effective than the sulfonamides, 
many of our ideas on chemotherapy will undo\ibted1y be changed. It 
may be that penicillin will be used eventually as a preventive agent. At 
the present time the volume of production of the drug is not sufficient 
for .such use.) 

A report from the North Africa theater contained the information 
that excellent results folloAved the plating of twelve compound tibial 
fractures through incisions aAvay from the open wounds. 

.{Comment . — I belicA-e that plating of a compound fracture, regardle.ss 
of where the incision is made, should not be recommended for the medi- 
cal officer in the combat zone. For carefully selected cases it jnay 
occasionally be an appropriate proeedxire.) 

No large series of fresh compound fractures Avere reported at the 
conferences. The largest number of fresh cases was repoi’ted from an 
Armj’’ Service Force station hospital in Texas, Avhere fifty to sixty com- 
pound fractures had been treated in ten months. The largest number 
of old cases Avas reported from a general hospital Avhich had received 
100 or more men Avith compound fractures from the South Pacific. 
They had annved three to four months after injury. They were all in 
excellent condition in plaster. 

One general hospital gave a report of sixty-four compound fractures 
among overseas casualties. Of this number, soxne of whom were still 
under treatment, it was estimated that forty-six, or 72 per cent, Avould 
be returned to military duty of some type, Avhile eighteen, or 28 per 
cent, would be discharged from Sei’vice. The officer who made this 
report discussed gas bacillus and tetanus infections. He stated that he 
had never observed gas bacillus infection to begin after ten days from 
the time of the compound injury, nor tetanus infection after three 
Aveeks. From this observation he concluded that it would be perfeetly 
safe to perform the secondary closure of a compound wound after a 
latent period of three weeks. 

{Comment. — Three weeks is probably too early for the closure of a 
potentially infected Avound.) 

One of the outstanding reports of the conferences Avas made by an 
officer Avho had been AA’ith the troops on Bataan in the Philippine Cam- 
paign of 1941-1942. He reported that: (1) from A to 6 per cent of all 
hospital patients had compound fractures; (2) 90 per cent of all the 
Avound cultures from compound fractures .showed a gas bacillus; (3) all 
wounds Avere left Avide open and some were iiwigated with peroxide ; and. 
(4) Avhen indicated, early amputation was performed at the line of 
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demarcation of the gangrene. Final statistics showed the amazingly Ion- 
mortality rate of approximately 1 per cent. 

(Comment . — Tins is an outstanding result which shows Avliat can he 
accomplished Avlieii certain basic surgical principles are rigidly fol- 
loAved.) 

A group of prisoners with infected compound fractures at a Prisoner 
of War Camp in Texas Avas reported. The prisoners had recently been 
brought from the combat theater in North Africa. Very little sulfanil- 
amide had been used initially on any of the aa-ouikIs. Usually they had 
been packed only AA'ith iodoform gauze, after tinetui-e of iodine had 
been applied as an antiseptic. In the series of tAA-enty-fonr compound 
fractures, there AA'ore tAA-eh-c eases of osteomyelitis. 

Doctor H. Wiunett Orr. of Lincoln, Neb., in discussing the treatment 
of compound fractures by his closed plaster method, emphasized the 
point that the key to the treatment is “prolonged, Aiuinterrupted, and 
continuous immobilization.” as originally adA’oeated by Sir. Henry 0. 
Thomas, of Lh-erpool. 

The late treatment of a purulent com])ound fracture by debridement, 
plating, and dusting Arith sulfanilamide was repoidcd. Tlie result was 
strong union AA’ith complete healing of the Avound. 

A cpxestion discussed at seA’eral conferences was the correct emergency 
treatment of compound leg or thigh fractures in Avhich the bone ends are 
dirty and sticking through the skin, particularly AA’hen such fractures 
occur near a AA-ell-ecpiipped hospital. At one conference tAA’enty-tAvo 
persons Avere in faA'or of cleaning the woixiid and bone ends and apply- 
ing a dressing and a traction splint before transiAorting the patient to 
the hospital, AA'hile eighteen Avere in. faA’or of cleaning the AA’Ound and 
bone ends, applying a dressing and then transporting the patient to the 
hospital AAothout applying a traction splint. This A’ariance of opinion 
Avas also expressed at other conferences. 

(Comment . — I am in faA’or of immediately cleaning the wound and 
bone ends and then applj-ing a traction splint before transportation. 
This, I belicA’c, definitely minimizes the danger of shock.) 

PART IX. CONDITIONS INATOUVING THE BACK 

The most effectwe treatment of the soldier AA’ith a low back complaint 
has been a major question on the orthopedic serA’ices of all hospitals and 
has in reality been the only important problem eoncei-ning the back. 

1. Incidence 

The incidence of Ioav back conditions in the Army Air Forces hospitals 
has been 15 to 35 per cent in the outpatient departments and 10 to 30 
per cent, in the AA’ai’ds. One clinic reported that 50 per cent of those 
Avith back pain examined in the outpatient clinic AA’ere admitted to 
the hospital. At one processing center it was reported that in a series 
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oi: approximately 1,000 soldiers, 22 per eeul of the orthopedic exaniina- 
tioDs were for lov haek pain. 

At a large infautiy training center in the South, it 'was reported that 
320 soldiers with back pain had been admitted to the wai'ds of the 
station hospital; during the same pei’iod a total of 47,900 patients were 
admitted to this hospital; here the incidence was .66 per cent. It was 
reported that a general hospital had admitted 258 soldiers with back 
imin during a period in whieli total admissions were 6,800 ; this is 
an incidence of 3.8 per cent. It was reported from another general hos- 
pital that apin’oximat ely 2,500 soldiers with back pain were admitted 
over a two-year period; 175 were admitted in one period of two months. 
Tliese figures show the magnitude of the problem. 

2. omaioloD)) 

The complaints of the patients A’ary from mild backache to acute pain 
with or without radiation into the lower extremities. 

The most significant discussion concerned the psychogenic aspect of 
low back pain. There is no doubt that a soldier who has a back com- 
plaint and who wants to be discharged from the Array or to be relieved 
from doing a disagreeable duty has a strong argannent to aid in accom- 
plishing his aim. How to ditfentiate the true malingerer and the mild 
exaggerator from the honest patient was the topic for discussion at all 
conferences. Some officers were of the opinion that a psychiatric exami- 
nation was essential for the diagnosis and treatment of eveiy ]iatient 
with chronic back pain. 

The diagnosis of rupture of an intervertebral disk was frequently 
discussed. A physician from a large civilian orthopedic clinic reported 
that 10 per cent of all the patients with low back pain and sciatica in liis 
clinic have a ruptured disk. He further stated that it was reported from 
the INIayo Clinic that 13 per cent of 5,500 patients with low back pain and 
sciatica had shown a raptured disk at operation. The statement was made 
that 75 to 80 per cent of all the patients in this group had had back pain 
prior to the onset of their neurological symptoms. One neurological 
surgeon was of the opinion that 90 per cent of all low back pain with 
sciatica is due to a ruptured disk. An orthopedic surgeon maintained 
that unless the spme were fused after rupture of a disk, there would 
be continued back pain due to facet changes associated with narrowing 
of the disk. At one conference it Avas stated that loss of the ankle .ierk 
reflex is often associated AAoth sciatic nemitis in the absence of rupture 
of a disk. 

Back and leg pain may come from localized tender points of infection 
or trauma as a reflex phenomenon. It Avas stated that this type of pain 
exists far more often than it is generally believed. To differentiate this 
pain one officer and one visiting physician recommended the injection 
of procaine into the tender areas, Avhich are termed “trigger points.” 
If the pain is made Avorse Avhen the needle is first inserted and disap- 
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pears ^vith tlie injection of procaine, the pain is presumably referred 
from this “trigger point.” Permanent relief nns sometimes obtained 
by repeated injections of procaine into these points. 

3. Olassificatioii 

One officer classified the.se low back problems into four groups: (1) 
arthrogenic, (2) myogenic, (3) neurogenic, and (4) psychogenic. lie 
reported a glove type of hypalge.sia of the lower extremities in a series 
of 200 or more of these patients with low back pain; these eases, ob- 
served over a period of three jnonths, he considered to be of the p.syeho- 
genie t%i)e. Hypestliesia was also mentioned as being jiresent frequently 
in the patients in this gi-oup. 

An analysis of a series of 304 patients admitted to one station ho.s]>ital 
was as follows: lumbosacral strain, 25 per cent; po.stural strain, 16.5 ])er 
cent ; arthritis, 15.7 per cent ; psychoneurosis, 6 per cent ; spondylolisthe- 
sis, 4.4 per cent ; rupture of the intervertebral disk, 1 -j^er cent. 

The following analysis of 79 imtients admitted to a .second station 
ho.spital over a period of one year Avas pre.sentod: (11 acute muscular 
or ligamentous .strain, 29; (2) hxmbo.sacral and sacroiliac strain, 21; (3) 
psychoneurosis and hysteria. 9; (4) arthritis. 7; (5) undiagnosed, 6; 
(6) scoliosis, 4; (7) rupture of intervei-tebral disk, 2; (8) spina bifida, 1. 

{Comment . — The variance in cla.ssification of these low back condi- 
tions is strilcing. The adoption of a uniform e]a.s.sification Avonld be of 
great value ; however, ojnnions of the nature of the lesions in the difter- 
ent conditions vaiy so widely that it is doubtful whether .such a ela.ssi- 
fication could be adopted at this time.) 

4. Treatment 

All types of therai)y were discussed and were being used. It Avas 
emphasized particularly by four officers, as AveJl as by other physicians, 
that eveiy hospital shoAxld have a definite program for the diagnosis and 
treatment of these back injuries and that after adoption this program 
should be rigidly followed. Most of the officers from station hospitals 
thought that because of time limitations in station hospitals, their treat- 
ment of the chronic baclv conditions Avas neA'er satisfactory. SeA'eral 
Avere of the opinion that if no improvement Avas evident after tAVo to 
three Aveeks of active treatment in a station hospital, a further disposi- 
tion of the patient should be made. IMany, hoAvever. did not believe that 
this period of time was long enough. 

There were many discussions of the A'alue of maniiAulation of the Ioaa’ 
back. It Avas the opinion of many officers that manipulations .should be 
performed A-ery carefully and only in selected patients. 

Plaster immobilization was discussed infrequently. One naxml officer 
reported the successful ixse of short plaster casts for certain tA^pes of 
low back i)aiu. 
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It was agreed at all conferences that operative procedures for rup- 
tured intervertebral disks should be performed only by neurological 
surgeons. In two conferences there was described an operative tech- 
nique for placing a block of bone between the vertebi'al bodies after the 
ruptured disk tissue has been removed. 

(Comment . — Placing a block of bone in the intervertebral space after 
the removal of disk tissue may result in less localized postoperative pain 
and Aveakness. It is certainly a technique which should be thoroughly 
tested before a final decision on its A'alue is reached.) 

5. Disposition 

Of 320 patients treated at a large Army Service Forces station hos- 
pital, 248, or 77.5 per cent, Avere returned to duty ; 44, or 13.7 per cent, 
AA^ere given a certificate of disability discharge (C.D.D.); and 28, or 8.7 
per cent, Avere sent to a general hospital. 

Of 304 cases reported from an Army Air Forces station hospital, 
35 per cent of the patients Avere gwen a certificate of disability dis- 
charge for arthritis, scoliosis, or spondylolisthesis ; 37 per cent were im- 
proved sufficiently to return to duty; 13 per cent were diagnosed as 
psychoneurotics and transferred to the neuropsychiatric service ; 10 per 
cent were diagnosed as malingerers and discharged to dr^ty ; and 5 per 
cent had back pain secondai-y to a more serious condition and Avere 
transfei’red to other services. Another station ho.spital reported that 18 
per cent of 79 patients Avere giA^en certificates of disabilitj’- discharge. 

The figures on the disposition of patients in tAvo general hospitals 
were most discouraging. The report from one hospital shoAved that of 
310 patients, 72 per cent Avere given certificates of disability discharge 
and 28 per cent retAirned to duty OA^er a pei-iod of one year. The report 
from the other general hospital shoAved that of 108 patients, 55 per cent 
AA^ere giA'^en certificates of disability discharge and 45 per cent returned 
to duty. 

The disposition of the malingerer presents a most serious problem. 
If malingering can be definitely established, AAdiich is most difficult in 
the ease of back complaint, the patient is sent back to duty or dis- 
honorably discharged from the Army. In patients suspected of 
malingering, methods such as keeping the patient in bed AAuthout pajama 
pants and alloAving him no bathroom privileges were reported from 
many clinics AA’ith Amrious results. 

(Comment. — ^The evidence as presented is certainly definite that the 
treatment of the low back complaint in the Army is unsatisfactor3^ It 
Avas thought by many at the beginning of 'World War II that having 
large groups of these soldier patients for obsei'A'atiou and treatment 
might throAV some light upon the problem. So far, the evidence does 
not suggest that this has occurred. It is to be hoped that, as the wnr 
goes on, the medical officers will ghm more careful thought and attention 
to this problem.) 
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PART X. COXDITIOXS IXVOL^TXG THE KXEE 

In tlie Army Air Fol’ees hospitals, the results of care of the clis- 
ahled knee are definitely better than the results of care of the disabled 
hack. Because of the great number of soldiers now appearing in the 
Army Air Forces orthopedic clinics and showing poor results following 
knee surgeiy and inability to' perform full military duty, the trend is 
distinctly away from surgery. 


1. Siaiistics 

It was rej)orted from one station hospital that over a period of one 
year apjjroximately 1,000 soldiers disabled by knee injuries had been ob- 
served and thirty operations had been performed, an operative incidence 
of 3 per cent. From a second station hospital it Avas reported that dur- 
ing the last six months approximately 3,500 hospital days AA'ere ci’edited 
to knee injuries (an average census of twenty luiee patients a day) , and 
that during the last eigliteen months 100 or niore knee operations had 
been performed. From three station hospitals of comparable size, there 
Avere repoi-ts of sixty-one knee operations in ten months from one; 
sixty-tAvo knee operations in thirteen months from another, and sixty- 
eight knee operations in fifteen months from the third. 

2, Diagnosis 

There Avas frequent discussion of the so-called ]\IaciMuri‘ay sign, some- 
times called the “click test.” This sign is a click A\’hen the Imee is 
flexed, adducted, or abducted and the tibia externally or internally' ro- 
tated on the femur. A positiA’e click test is usually uidicatiA’e of a le- 
sion in the posterior portion of the Imee, most often in the posterior horn 
of the semilunar cartilage, IfAvas reported from one hospital that 20 
pel’ cent of a series of soldiers Avith knees operated on showed a positiA'e 
•Jlacklurray sign, suggesting an incomplete operatiA'e remoA'al of the car- 
tilage. It Avas noted by one officer that in a series of seA'enty-seA'en pa- 
tients, some knees which shoAved a posterior tear of the semilunar car- 
tilage at operation had had negatiA'e iMacJIurray signs before operation. 

In one conference it Avas said to be important to take an anteropos- 
terior x-ray picture of the knee with the joint flexed to 90 degi’ees in 
order to show the intercondylar fossa. This Avill often demonstrate a 
loose body or an osteochondritis dissecans which cannot be seen in the 
routine anteroposterior and lateral x-ray pictures. When rupture of an 
internal or external collateral ligament is suspected, it was recommended 
by one officer that anteroposterior x-raj’ pictures of both Iniees in abduc- 
tion or adduction be taken in order to shoAV the difference in the amount 
of separation between the tibia and femur. 

Two officers reported the use of air injected into the knee joint as an 
aid in the diagnosis of doubtful eases. Appi’oximately 150 c.c. of air 
were uijected after aspiration of the joint fluid, and x-ray pictures were 
then made. 
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lu routine examination of tlie knee after injury, one officer reported 
finding frequently an injury of the upper tibiofibular ligaments, which 
he believes is a more common finding than is generally supposed. In 
the seventy-seven patieuts -with knee injuries already mentioned, 
“locking” was a definite sign in twenty-one acute injuries and was the 
predominant symptom in forty-three. In this series, localized tender- 
ness was a persistent and constant sign. 

One orthopedic surgeon was of the opinion that in acute knee injuries 
the most common cause of the so-called “locked” knee is flexor muscle 
spasm. He thought that later this may be accompanied by quadriceps 
paralysis or paresis. 

{Comment . — positive j\IaeMurra 5 ’- sign is helpful in diagnosis but 
should bj^ no means be considered conclusive evidence that a lesion is 
present in the posterior compartment of the knee. This was clearly 
demonstrated in the series of seventj'-seven patients. 

I believe that the anteroposterior x-ray picture of the luiee flexed to 
90 degrees should be made routinelj' when an x-ray picture of the knee 
is indicated. 

Judging from my own experience and that of many others, I do not 
believe that air in the knee joint is of sufficient value as a diagnostic 
aid to warrant its use except in the occasional case. 

There is no doubt that too often, when an injiired knee cannot be 
fuUy extended actively or passively, the assumption is erroneously made 
that there is a loose body or displaced semilunar cartilage between the 
joint surfaces; in reality, flexor muscle spasm is often the etiological 
factor. In no event slioiild surgery be considered for the acute knee 
injuries until sufficient time has been allowed for rest and hot applica- 
tions to relax the muscle spasm.) 

3. Treatment 

a. Conservative . — In all conferences it was agi’eed that acute knee in- 
juries should first be treated conservatively unless unusual indications 
for early operation were present. Most officers were treating the early 
case with rest in bed and hot applications -with or without traction. 
For sprains with localized tenderness, the injection of 1 to 3 c.c. of 1 
per cent procaine into the tender area and early active motion Avere 
recommended at one conference. Two doctors Avere of the opinion that 
a locked knee should never be manipulated. 

It Avas very frequently stated that the knee Avith an effusion should be 
aspirated, particularly if the fluid is bloody, as such an effusion, if left 
in the joint, Avill predispose to the foi'ination of adhesions. In the 
treatment of a series of 200 acute knee injuries in one hospital, it was 
reported that all except one required aspiration. 

.{Comment. — 'WheneA'er manipulation is indicated in order fully to 
extend a knee, it should be carried out AA'ith extreme care. 
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{Comment . — It is my opinion that only a very small percentage of 
patients with knee operations are discharged from the Armj", although 
the percentage of patients who are completely' asymptomatic and able 
to perform full military duty is low.) 

5. MisceUancous Conditions 

a. Osteoolwndritis Dissecans . — ^Mention w'as made of the fi'equency 
with which osteochondritis dissecans w'as encountered at operation, but 
few statistics on the number of eases or the operatiA'e results were re- 
ported. In one series of thirty knee operations, eight disclosed evidence 
of osteochondritis dissecans. 

1). Pcllcgrini-Sticcla Disease. — There were numerous reports of Pelle- 
grini-Stieda disease. Two officers reported that three patients treated 
by' oi^erative removal of the calcification had .shown .s.vmptomatic im- 
provement. Another officer stated that after operative removal the 
knee should be immobilized for several weeks to prevent a recurrence. 
Two phy'sicians reported good results following -x-ray' therapy'. 

6. Recurrent Dislocation of the Patella 

Recurrent dislocation of the patella was reported in only one confer- 
ence. One medical officer reported five eases in wliieh the patients had 
been operated upon with good i-esults. 

7. Osgood-Schlatter Disease 

Osgood-Sehlatter disease was mentioned frequently'. Several officers 
had found that it was nece.ssarj' to excise loose fragments of bone about 
the tibial tuberosity' in order to relieve the pain in that area. 

PART xr. CONDITIONS INVOLVING TXIE FOOT 

The problem of treatment of the painful foot in the Ai’iny' is of great 
importance. The statement, "An Army' is no better than the feet it 
marches on" is not so applicable to the Army' Air Forces as to the in- 
fantry of the Army' Ground Forces; however, all newly induced per- 
sonnel in the Array' Air Forces have to undergo the same rigid basic 
training as do infantry' soldiers, and for this they' require good feet. 

1. Incidence 

Statistics from one large infantiy camp in the South show that from 
0.3 to 1.0 per cent of its troop strength had foot complaints. This, of 
course, is not a large proportion of the troops, but it is sufficiently' great 
to constitute a major medical problem. It is reported from tivo station 
hospitals, that 40 and 50 per cent of the orthopedic eases are foot 
px'oblems. 

2. Root Hygiene and Inspection 

In many' conferences there was a discussion of foot hy'giene. The 
questions of proper socks, blisters, toenails, foot powder, and inspection 
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of the feet after long- marches were all subjects of discussion in manj- 
conferences. One officer was of the opinion that examination of the 
feet should always he included in the monthly phj'sical inspection of 
all troops. 

{Commont . — Too little attention is paid to the minor complaints of 
the foot, such as blisters, ingrowing nails, etc. A regular inspection 
of the feet of all soldiers after long marches should be carried out, 
preferablj" by the medical officer. This would decrease greatlj’- the num- 
ber of days that are lost from duty by soldiers who are required to be 
on their feet a large part of the time.) 

3. Fifting of Shoes 

From evidence presented at these conferences it is apparent that the 
proper fitting of shoes to the painful and deformed foot and even the 
fitting of the normal foot has not been done in a uniformly satisfactory 
manner. As a result, manj' normal feet have become painful because of 
the wearing of improperlj" fitted shoes, and manj" painful feet have 
become more painful. It was stated that after a few months of train- 
ing, the length of the foot often gradually increases, and the shoe 
which originallj" may have fit satisfactoril}'^ becomes too small. It was 
further stated that: (1) the original shoe should be at least one-half to 
one size longer than the foot measurements indicate; (2) in general the 
shoe should be two sizes larger thaii that used in civilian life; and ,(3) 
care should be taken that the first metatarsophalangeal joint is at the 
widest part of the shoe. 

Reference was made repeatedly to the Munson last for shoe fitting. 
This last was developed b}’- a Colonel Munson in World War I. The 
Munson last includes 249 sizes, each size having a separate last. If 
time is taken to use the last correctly by having the soldier find the 
proper size for his feet, the correct fit can always be obtained. The 
Brannock shoe-measuring apparatus was mentioned in several of the 
conferences as being the tj'pe now most often used in the Army. 

Several suggestions regarding tlie way to “break in” new shoes were 
made at the conferences. A method frequently used in World War I 
but seldom employed now is to liave the recruit walk through water Avith 
his new shoes on and then march lurtil his feet and shoes are dry. The 
inside of the shoe Avill then be definitely shaped to the form of the foot. 

4. Arch Supports 

At all conferences there Avas considerable discussion of the type and 
value of arch supports. In spite of such statements as, “any soldier 
Avho needs an arcli support Avill not make a good soldier,” and, “a rigid 
support Avill not be effective in the Army,” most officers believed that 
arch supports have a place in the treatment of certain types of arch 
strain and relaxation. In several of the clinics, chiropodists (in one 
infantry camp as many as eight) are being employed to make very satis- 
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factory arch supports out of the leather and liard piano or saddle felt 
supplied by the cpiartermaster. At two of tlie conferences there was a 
discussion regarding the Ulorton type of anterior arcii support. This 
comes forward under the first metatarsal head as well as behind the 
other four metatarsal heads, itiorton stated many years ago that most 
people with complaints referable to the anterior portion of the foot have 
a short first metatarsal bone. One clinic had made an x-ray study of 
the length of the metatarsal bones in a series of patients with metatarsal 
.symptoms and had found short first metatar.sal bones in 16 per cent. 

The use of cork insoles made b.v the Archograph machine was dis- 
cussed at many confei’cnces. At one field as many as 1.700 pairs "were 
being supplied each month. The opinion was repeatedly expre.ssed that 
these supports were not suitable for Army use because they do not 
stand up under the strain of long marches. Instances of partial dis- 
integration of the support after one long march were cited. 

Tlie only reference to exercises for flat feet was made by one officer 
Avho doubted very much the value of foot exercises for the soldiei'. 

{Comment . — ^It is very doubtful Avhether the .soldier with the old flat 
foot which is beginning to bo painful in military activity will become 
sjTnptom-free and remain so with arch supj)orts, exercises, and physical 
therapy, unless he be given work which involves a minimum of strain 
on his feet. This change of occupation within the Army is at times a 
very difficult thing- to aecompli.sh, Beeau.se it has often been impoissible 
to make such a change, many .soldiers have been separated from the serv- 
ice unneees.sanly.) 

5. Bchahiltioiion 

One lio.spital reported a special rehabilitation program for soldiers 
with flat feet. This consisted of arch .supports, .special foot exercises, 
and gradually increasing periods of marching and drilling. The soldiers 
usually continued this pz’ogram for three to four iveeks. Many were 
able to return to full duty who otherwise might have been discharged 
from Service. 

At one field a forced exerei.se battalion under st)'ict medical super- 
vision had been organized for all fv^zes of malingerers. In this group 
thcj-e was a high percentage of .soldiei's with flat feet, ilany soldiers 
had been rehabilitated by this means. 

6. Surgery of the Foot 

At nearly every conference it was stated that the foot of the soldier 
should be subjected to as little surgeiy as possible. There were numer- 
ous reports of soldiers who were unable to return to full duty and whose 
conditions became worse after bunion operations. One officer expi-essed 
the opinion that the only operations indicated on the soldier’s foot are 
those for hammer toes, overriding of the little toe, bunionettes, and soft 
corns. A second officer repoi'ted poor results from the amputation of 
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liaminor toes and eondenmcd this procedure. A third officer was of tlie 
opinion that in liannner toe the affected joint should he resected, while 
a fourth stated that hammer toes in military personnel .should not be 
operated upon. Two officers reported successful jdastic operations for 
overlapping fifth toes. 

One officer made a plea that more attention be jmid to ingrowing toe- 
nails. He reported that in his hospital one patient per thousand troops 
on the field per month had been operated upon for this condition with 
an average hospital stay of thirteen day.s, and that ingrowing toenails 
constituted from 10 to 20 per cent of all foot disorders. 

(Comment . — After seeing so many unsatisfactory re.sults from foot 
surgery in the Army. I am more convinced than ever that this type of 
surgery should be kept to a minimum among military ijersonnel. 

It appears that the incidence of ingrowing toenails on the field from 
which the report came is high. It is believed that most hospitals are not 
seeing so large a number as this.) 

7. Certificate of Disability Discharge for Flat Feet 

Apparently many certificates of disability discharges are being given 
because of flat feet. One camp reported <70 a week, while another re- 
poi'ted 70 for fiat feet of a total of 200. At a large Negro camp, at the 
time of the conference, 40 certificates of disability discharge a week were 
being given for fiat feet. This is to be contrasted with the statement 
made at one conference, that from 1935 to 1940, in the regular Army, 
there was not given a single certificate of disability discharge for flat 
feet. 

This discussion on certificates of disability discharge for flat feet 
led in each instance to consideration of malingering and exaggeration 
of symptoms. It was the opinioir of many officers that soldiers Avith flat 
feet rapidly develop a psychoneurotic state. Statements such as the 
following were made : 

“Flat foot is a mental disease and not a physical one.’’ 

“No certificates of disability discharge for fiat feet in our 
hospital, but cei-tificates of disability discharge for flat feet and 
psychoueurosis. ’ ’ 

‘ ‘ Foot coiuplainers may be psychiatric and have a conversion 
neurosis. ’ ’ 

“Flat foot soldiers .should be looked after by the morale builders 
of the Army and not by the doctors.” 

One officer was of the opinion that all foot cases should be “screened” 
to rule out psychoneurosis. If one were found, the soldier should be 
given a certificate of disability discharge. In contrast with this, a 
medical officer who had been in the German Army in World War I 
stated that no attention had been paid to the soldier who complained of 
flat feet. 
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{Comment. — Unfortiinatelj^ too many soldiers know that an extreme 
flat foot does not meet the minimum physical standards for induction 
into Service. If the soldier -with flat foot is not happy in the work he is 
doing, his physical condition becomes exaggerated in his own mind and 
he is soon using it as an excuse for wanting to get out of the Service. 
When one soldier is given a certificate of disability discharge for flat 
feet, others will invariably appear with the same condition and ask for 
a discharge. Boards meeting to decide on this problem should exercise 
the utmost discretion.) 

8. Miscellaneous 

There was a discussion of what to do with plantar warts. One officer 
reported from 50 to 80 per cent cures with x-ray therapy. A second 
officer reported successful surgical treatment, two elliptical incisions be- 
ing used. 

Several patients -with multiple painful hyperkeratoses of the feet were 
reported. Bach of these was given a certificate of disability discharge. 

Pes eavus was the subject of frequent discussion. Some officers were 
of the opinion that it was very difficult to treat in the Army and that 
the patient should be given a certificate of disability discharge, whereas 
others believed that with the proper arch pads, .shoes, and limited ex- 
ercise the feet could be made comfortable and the soldier retained in 
Service. 

At one large basic training center, a great number of cases of teno- 
synomtis of the foot and lower part of the leg were reported. These 
patients had been successfully treated by injection with procaine and 
rest. 
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REPORT OP THE 1944 JIEETINO OP THE SECTION ON 
SURGERY, GENERAL AND ABDOJtlNAL, OP 
THE AJEERICAN IREDICAL ASSOCIATION 

Georok D. Lilly, >J.D„ JIiami, Pla. 

'^HE Surgicul Section of tlie Amerienn Meilienl Associnlion convened in the 
ballroom of the Slicrmiin Hotel in Chicago, 111., on the afternoon of June 1-1, 
J94L The chairnian, Prederick A. Collcr, Ann ArhoT, hitch., presided, and Alton 
Ochsner, New Orleans, served as secretary, 

George D. Iiilly, Miami, Pla., presented a paper in which emphasis was placed 
upon the fact that even aged persons .suffering front far-advanced arteriosclerotic 
vascular impairment of tlie lower e.vtremities may be greatly benoiited by inter- 
rupting the sj-mpathetic nerve supply to the involved extremities. 

Surgical removal of the lumbar sympathetic ganglia was recognized as the 
most desirable procedure, but Dr. Lilly advocated the use of alcoholic injection 
of the lumbar sympathetic ganglia in those patients whose general condition pro- 
hibited major surgery. He reported a scries of ins own cases in wliich alcoliolio 
injection had been employed with gratifying relief of early gangrene, claudication, 
and night cramps. A detailed description of the injection technique was presented. 

Keith S. Grirason, Durham, N. C., reported his c.xporienoes wdth studies re- 
garding tlie effect of various sedation tests on experimental neurogenic hyper- 
tension. He concluded from his observations that such sedation tests, when em- 
ployed in the preoperative study of clinical cases of essential hypertension, were 
of definite value in selecting suitable cases for thoracicoabdominal paravertebral 
sympathectomy. He emphasized the fact that all such tests may be misleading, 
and that some patients who did not respond to sedation obtained a wortli-wiiile 
lowering of their blood pressure following a radical sjunpatheotomy. 

I. A. Bigger, Bichmond, Va., reported twenty-nine cases of traumatic arterial 
aneurysm and arteriovenous fistulas, and called attention to the fact that the 
present war would produce a much greater incidence of this type of pathologj-. 
He discussed the various technical problems and presented detailed reports of his 
more interesting cases. 

Geza De Takats of Chicago presented a study of The Causalpio State in Peace 
and TTar. He called attention to the importance of considering causalgia before 
making a diagnosis of hysteria. The neurophysiologj- of causalgia was reviewed 
in detail, and treatment was discussed. The importance of early diagnosis was 
stressed, and forty-five of his cases were analyzed. 

Arthur W. Alien, Boston, Mass., reported that the incidence of postoperative 
phlebothrombosis and subsequent pulmonary embolism was extremely high in New 
England, especially during the winter months. During 1925, there was an inci- 
dence of 3 deaths per 1,000 operations, caused by postoperative pulmonary em- 
boli^ During 1943, this incidence was reduced by 75 per cent. The reduction 
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was brought about by early recognition of phlebothroinbosis in the deep veins of 
the lower extremities, and prompt ligation of the deep femoral vein. Dr. Allen 
expressed the opinion that the vein ligation should be bilateral in most cases 
because the thrombosis is so frequently bilateral. He stated that the surgical 
staff of the itassachusetfs General Hospital is now ligating some veins preopera- 
tively as a proph3*lactic procedure in old, debilitated patients. 

Burrill B. Crohn of Kew York presented an appraisal of the results of surgery 
in the treatment of regional ileitis. He analj'zed the results in a series of 16tt 
cases. Dr. Crohn’s opinion, after observing the treatment of this disease for 
twelve 3’ears, is that simple ileotransverse colostomj' cured just as manj' cases as 
the more radical procedures and involved a much lower mortality. He feels that 
earlj" diagnosis and operation is most important, and that chemotherapj' is of no 
value in this disease. 

Bawley M. Benick, Jr. of Hew Orleans considered the problems involved in the 
treatment of congenital megacolon. He reviewed a series of thirtj' patients 
treated in New Orleans. He concluded that patients with megacolon should first 
be treated eonservativel.v. Those who do not improve with medical treatment 
should be treated b^- left lumbar s3-mpathectomj-. If this does not afford relief 
the right lumbar s3'mpathetics should be removed; and those who do not respond 
to this must be subjected to colectomy. 

Thursda3', June 15, officers for 1945 were elected. Lieutenant-Colonel Daniel C. 
Elkins, Atlanta, Ga., was selected as chairman, and William Andrus, New York, 
N. Y., was elected vice-president. Alton Ochsner was re-elected secretary'. 

Carl Bearse of Boston made a plea for earh' surger3' in all patients with 
gallstones. He pointed out that earh- removal of the diseased gall bladder, with 
its stones, prevented man3- later complications such as common duct obstruction, 
pancreatitis, and acute cholec3-stitis. He compared the gall bladder containing 
gallstones to a time bomb set to do damage at an indeterminable time. 

The chairman’s address, presented 133- Frederick A. Coller, was one of the out- 
standing presentations of the meeting. Dr. Coller offered a critical anal3'sis of 
his experiences with blood loss during surger3-. Ho showed that blood loss is the 
greatest single factor in surgical shock, especialh- when associated with emotional 
exhaustion and surgical trauma. Emphasis was placed upon the fact that shock 
is much easier to prevent than to treat once it has developed, and the best wa3^ 
to prevent its development is to anticipate blood loss in advance and replace it 
as it is lost during the course of the operation, rather than using it to combat 
shock after it develops. Dr. Coller presented statistics showing the average blood 
loss in various t3-pes of surgical procedures, and called attention to the fact that 
blood loss in small patients is much more serious because of the relativel3' small 
total volume in such individuals. He showed that the usual clinical laborator3- 
methods for estimating blood loss are unreliable, and that the onl3- safe procedure 
is to accept the average blood loss as reported in the medical literature as a 
criteria as to the amount of blood which should be given during surger3-. He 
pointed out that the average patient can manufacture onl3- about 25 c.c. of blood 
dail3-, and that for this reason blood replacement will shorten convalescence and 
reduce complications and morbidit3-. 

Warren H. Cole of Chicago stressed the potential dangers of nontoxic nodular 
goiter. He found that 16 per cent of the nonloxic nodular goiters were malignant. 

A correct preoperative diagnosis was made in 0013- 20 per cent of these patients. 
Five-i'Car cures were obtained in only 20 per cent of those patients in whom the 
goiter was diagnosed preoperativel3', and in onl3' 40 per cent of those in whom it 
was diagnosed at the time of operation, while 60 per cent of those in whom goiter 
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was not suspected until iliagnoscd mieroscopieiilly wore living mid well five years 
after surgery. Tliis is a strong argument for routine removal of all nontoxic 
adenomas. 

Torrest 0. J. Young, of Rocliester, N. V., reported liis experiences with the use 
of plasma-thrombin ns a “suture"’ material. Tic claimed three advantages for 
this material: the elimination of foreign body sutures, rjuieker wound healing, 
and its particular value in those patients who do not form their own fibrin. Ife 
stated that this material has been standardized and is nontoxic when used locally. 
He described in detail the procedure for its use. 

Prank E. Adair presented a report of the clinical ctTccts of surgical and x-ray 
castration in mammary cancer. Ho concluded that there is little or no choice 
between the two procedures. He observed that one-third of the surgical group 
had ovarian metastasis at the time of surgery, indicating a natural attempt at 
self-castration. He observed that the result of castration was spectacular in 
cases of breast malignancy in males. 

Willard H. Parsons, Vicksburg, hliss., reported five cases of plasma cell mastitis. 
He commented upon the striking resemblance of this disease, which was first 
reported by Adair, to carcinoma of the breast, and discussed its dilTercntial 
diagnosis. 

On the third day there was a joint meeting with the section on gastroenterology 
and proctology. 

A. H. Aaron, Buffalo, N. Y., presented .a paper dealing with the medical aspects 
of inflammatory lesions of the stomach and duodenum. Dr. Aaron called atten- 
tion to the fact that peptic ulcer ranks high as a causative factor in the rejection 
of recruits for military service, and presented .a plea for earlier diagnosis and a 
better plan for medical management of these ulcers. 

Frank H. Lakey of Boston discussed the surgical aspect of peptic ulcer. He 
pointed out that all patients should receive adequate medical management and 
that only medical failures should be subjected to surgery. He discussed in some 
detail various technical problems in connection with the surgical treatment of 
this disease. 

The second symposium of the day dealt with inflammatory lesions of the small 
intestines. 

Henry L. Bockus, Philadelphia, Pa., discussed the medical aspect. He considered 
the problems presented by chronic stenosing regional enteritis. He feels that 
anxiety and emotional immaturit 3 ’- are etiologic factors, and thinks that food 
poisoning may play a part in the origin of this disease. He has found that the 
bowel Ij^mphatic structures are involved earlj' and always. Dr. Bockus is in- 
clined to favor radical resection in extensive enteritis, but thinks that the ex- 
clusion operation is probably best in the average case. He has found that some 
of these conditions respond nieelj' to conservative medical management. He has 
found penicillin of no value, and has had no good results from vaccines and sera. 
He feels that the prognosis must be in doubt for manj’- years, because remissions 
or recurrences maj"^ appear at anj^ time. 

Henry W. Cave of New York discussed the surgical aspect of segmental en- 
teritis. Twenty-three patients with this disease were operated upon in the Eoose- 
velt Hospital during the last ten j-ears. Seven had appendectomy only. All of 
these did well and have had no more trouble.’ Dr. Cave feels that this indicates 
that the acute disease maj- subside wdthout becoming chronic. He prefers ileo- 
colostomj' with exclusion in those cases requiring operation. 

Inflainmatorj' lesions of the colon was the flnal subject for discussion. 
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J. Arnold Bargen, Eocliester, Minn., discussed the medical aspect of this sub- 
ject. Dr. Bargen urged that ulcerative colitis be regarded as a syndrome rather 
than as a definite disease entitj-. He divided ulcerativ'e colitis into the following 
etiologic groups; Streptococcic, tuberculosis, amoebic, lymphopathy venereum, 
and bacillary dysentery. Idiopathic colitis is reserved for a small group of non- 
specific cases of colitis of unknown cause and atypical clinical findings. Dr. 
Bargen described in detail the differential diagnoses of these types of the disease. 

Thomas E. Jones of Cleveland discussed the surgical aspects of inflammatory 
lesions of the colon. He called attention to the frequency of x-radiation stricture 
of the bowel, which is often overlooked as a diagnostic possibility. He considered 
ulcerative colitis and discussed the surgical complications, such as perforation, 
hemorrhage, pseudopolyposis, and the rare malignant degeneration. Diverticulosis 
was reviewed. 


TWENTY-FIFTH MEETING OF AMERICAN ASSOCIATION 
FOR THORACIC SURGERY 

Chicago, III., May 5-6, 1944 
P. C. Fishback, M.D., Washington, D. C. 

^ OEROSrVE stricture of the Esophagus, Ralph Adams, Boston. — ^Dr. Adams 
presented two cases, the first of mediastinitis, following esophagoscopy of the 
stricture and treated by mediastinotomy, with gastrostomy eight days later, and 
subsequently successfully dilated over a thread. The second case was that of a 
29-j*ear-old woman with a stricture of seven years' duration following ingestion 
of a corrosive substance, for whom life with a gastrostomy became intolerable. 
Through a right transpleural incision, a mid-esophageal, cordlike stricture, 2 cm. 
in length, was exposed, and with esophagoscopes in the stomach and mouth, a 
dilator was guided through the stricture, and then a string washed through. The 
esophagus was torn bj' the aspirator in the lower scope, but the rent was closed, 
and dilatations were begun thirty-five days after operation with good results. There 
are four common points of stricture formation, namely, the cricopharyngeal pinch- 
cock, the aortic crossing, the left primary bronchial crossing, and the cardia. 
He urged that the patient be made to swallow a thread promptly and that the 
thread be replaced from time to time to prevent breakage. Hydrostatic dilatation 
over a thread is safe, and retrograde dilatation is safer than through the mouth. 
Other treatments have been gastrostomy alone, resection of stricture with anterior 
thoracic esophagoplasty (cosmetically and funolionally unsatisfactory), or resec- 
tion of stricture with end-to-end anastomosis. The diagnosis of mediastinitis is 
based on the history of pain in the shoulder and/or upper abdomen, increased 
respiratory rate, fever and moderate leucocytosis, and the x-raj' picture, showing 
restricted motion of the diaphragm and clouding of the inferior pulmonary angle. 
He warned against delay due to the seeming improvement eighteen to twenty-four 
hours after perforation. 

The Management of Benign Tumors of the Esophagus, Stuart Harrington, 
Rochester, Minn. — ^Benign tumors of the esophagus are infrequent, present meager 
symptoms, often attaining considerable size without presenting severe symptoms, 
and are potentially malignant. They fall into two categories; (1) Mucosal, which 
are often pedunculated, usually flbrolipomas, and may regurgitate into the mouth 
if the stalk is long enough, and have been treated by snaring through the mouth 
or through cervical or transthoracic esopliagotomy; (2) Extramucosal tumors are 

Papers pertaining to war surgerj' and thymectomy have appeared in the August, 
1944, issue of The Journal of Thoracic Surgerj'. 
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usually leiomyomas, do uot olistruet, luit may cause iiain due to si)asm. .Surgery 
is usually not urgent, liul udien indicated is e.vtcii.sive. 

The Causes of hlortality Following Radical Resection of the Esophagus for 
Carcinoma, John Garlock, Xeu- York. — Dr. Garlock reported .sixty-six cases of 
tumors of the lower third of the esophagus (adenocarcinoma), with thirty-one 
patients operated upon and fifteen of them recovering, and sixty-five cases of 
tumors of the middle and uiiper third of the esophagus (squamous-cell carcinoma) 
with twenty-nine patients o|H>rafed upon and sixteen recovering, presenting in 
all sixty operated cases with an operative mortality of -10 per cent, lie empha- 
sized: (1) The need for the utilization of a secure method of suturing the anas- 
tomosis; (2) Employment of a loft transthoracic esophagogastric anastomosis for 
cancer of the lower half of the esophagus, with jircliminary exploration and 
.iejunostomy. He cautioned against gastrostomy hecauso it immohilizes the 
stomach. (H) ITe advocated the Torek o|ieration for the tumors of the middle and 
upper third. (-1) Ho urged preservation of the blood supply of the stomach, and 
fixation of the intrathoracie portion of the stomach to the diaphragm. Nerve 
involvement indicates inoper.ahility ; furthermore, a very careful check should 
be made for nodes especially on the rectal shelf and in the supraclavicular region. 
The duration of dysphagia does not correlate with the degree of operability. The 
operative deaths were due to pulmonary and cerebral emboli, coronary disease, 
and pneumonia. 

In the discussion of these papor.s, certain points were emphasized, namely, 
surgical excision of benign strictures was 'desirable where possible, and where the 
resected stricture was short, anastomosis was easy and fairly safe. Whether to 
bring up the stomach as such or as a preformed gastric tube, or to utilize the 
jejunum in reconstructing the c.sophagus were mentioned. The jejunum is more 
easil}' mobilized then the stomach and its blood supply is best six feet distal to 
the ligament of Treitz. The stomach, however, can be brought up as high as the 
superior mediastinum and its circulation is definitely superior to that of the 
jejunum. For benign strictures, operation is indicated only when the stricture is 
not dilatable. 

Current Observations on Thoracic Surgery in the Present War, Michael E. 
DeBakey, New Orleans. — The mortality from chest wounds has fallen since the 
Civil War when it was 51.4 per cent, and from World War I, when it was 37 per 
cent, to about 27 per cent in World War H. In the present war, chest wounds 
comprise about S per cent of all wounds. Mortality and the incidence of infection 
are higher after wounds from shell fragments than from bullets. In previous 
wars, penetrating wounds exceeded nonpenetrating wounds, but in this war 
because of the utilization of mines, bombs, and torpedoes, nonpenetrating wounds 
of the chest are more frequent. 

War Wounds of the Chest Observed at the Thoracic Surgery Center, Walter 
Reed General Hospital, Major Brian Blades, Washington, D. C. — All shell frag- 
ments should be removed if they are causing symptoms. The size and position of 
the fragments within the chest are factors for consideration. Some have to be 
removed because of the patient’s knowledge of their presence and his ensuing 
fear and anxiety. Open thoracotomy is now safe, simply incising the lung and 
remo\ring the foreign body. Lobectomy is not necessary or even desirable. Em- 
pyema has been exceedingly rare in Major Blades’ experience. Braining sinuses 
are usually the result of a foreign body, necrosis of cartilage, or osteomyelitis of 
a rib. Of 107 patients with hemothorax, 77 were well by the time they arrived 
at Walter Reed, 24 were cured by aspiration, and only 6 required operation 
namely, thoracotomy and decortication. Of these 6 none were verj- sick and none 
had a pneumothorax, and this apparently benign character of the injury was 
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probably responsible for the delay in aspiration. Blood left in the thorax niaj’' 
produce librothorax. Air replacement should be condemned and the aim of treat- 
ment should be prompt and complete re-expansion of the lung to obliterate the 
pleural space and abate the menace of empyema. When discharged, none of these 
patients had dyspnea or a reduced vital capacitj'. Chest wall pain sometimes fol- 
lowed and may have been due to pericostal sutures, which are not necessary. 

Trends and Practices in Thoracic Surgery in the Mediterranean Theatre, Colonel 
Edward D. Churchill, Consulting Surgeon Allied Force Medical Section. — Atten- 
tion is now being focused on the lung rather than the pleural space, as in the last 
war. Physiologic disturbances of intrathoracic phj'siology are corrected immedi- 
ately, with reduction in shock, infection, and morbidity. Hemorrhage from the 
chest wall into the pleural space is aspirated and used for autotransfusion.. 
Sucking wounds of the chest wall are no longer sutured, but are closed with tight 
petrolatum gauze compresses. Tension pnenmothoraces are rare; the air is vented. 
A catheter with a flutter valve may be used for the tension pneumothorax, “Wet 
lung’’ is treated by bronchial aspirations, oxygen, and novocain block of the 
intercostal spaces to release bronehospasm and permit painless coughing. Thorac- 
ntomj’' is rarely done. There remains a divergence of opinion as to the indication 
for thoracotomy; it should be done only with a precise aim in view, since it maj- 
delay re-expansion of the lung. Thoracotomy done five to ten days after injury may 
prevent infection.- Hemothorax should be treated by repeated aspirations but after 
the fourth week they tend to become static. High explosive fragments produce con- 
tinued bleeding with deposition of plasma and red blood cells in the pleural space. 

These cases should be appraised by the fifth or sixth week and if the fibrin 
envelop persists, thoracotomy and decortication should be done to prevent fibro- 
thorax. Air replacement is not done except for continuing hemorrhage and then 
thoracotomy is preferable. Patients with asymptomatic foreign bodies are re- 
turned to duty ; if the foreign body produces dyspnea, if is removed. 

Discussers brought out the facts that if air replacement were done at all, it 
should be done within the first twelve hours; that when the bleeding was from 
the chest wall, air replacement was obviously useless; that the aim should be 
complete aspiration and early re-expansion of the lung; that empyema does not 
occur if the chest is left dry; that if blood is left behind, fibrothorax will ensue 
and the patient will become a respiratory cripple. The excellence of the care of 
the wounded men before being brought to the army thoracic centers was com- 
mented on. 

Difficulties in the Differential Diagnosis of Bronchogenic Carcinoma, B. G. 
Bloch, and W. E. Adams, Chicago. — Extensive x-ray surveys have revealed an in- . 
creasing number of unsuspected intrathoracic neoplasms. In 15,000 x-ray exami- 
nations at the University of Chicago Clinic, 01 neoplasm.s were discovered: 34 
(or 37 per cent) were metastatic carcinoma, 25 (or 27 per cent) were primary 
pulmonary carcinoma, 19 (or 21 per cent) were lymphomas, 5 were sarcomas, 1 
dermoid, 1 neurofibroma, and 1 hemangioma (last group, 14 per cent). Thirteen 
per cent of the early bronchogenic caicinomas were peripheral and beyond the 
reach of the bronchoscope for diagnosis. 

Bronchial Adenoma, C. L. Jackson, Philadelphia. — Dr. Jackson presented 
twenty bronchial adenomas. Fourteen occurred in women (70 per cent). The 
age incidence ranged from 13 to 52 years, with predominance in the second and 
third decades. Hemoptysis and cough were the common symptoms. All diag- 
noses were based on bronchoscopic biopsies. The histologic criteria were (1) epi- 
thelial proliferation with a peculiar stroma, (2) “packed’’ cells with pyknoses, 
(3) absence of mitotic figures, (4) a resemblance to fetal lung, (5) glandular pat- 
tern not always evident. These tumors at times seem to regress; incomplete re- 
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movnl docs not aeccloratc thoir Ki'owth rate, and malignant change is nncomnion. 
Sevcnteon of these patients were treated hroncdioseopically, the tumor being re- 
moved with forceps or by coagulation. Throe wore treated by pulmonary resection. 

The Problem of So-called Adenoma of the Bronchus, Evarts Graham, and N. A. 
Womack, St. Louis. — The term “adenoma” connotes a benign tumor. Dr. Graham 
recalled his earlier i)nper on the subject in which lie stated that those tumors 
were potentially malignant, that they were derived from mesoblastic as well as 
epithelial elements, that tlicy resembled fetal developmental abnormalities, and 
possessed invasive properties. Other authors had also reported such tumors under- 
going malignant degeneration. Brunn and Goldman had suggested in 1940 that 
these bronchial tumors which became malignant bo termed “papilloma” instead 
of adenoma. These tumors do not ulcerate; their cell structure is characterized 
by ploomorphisni and they resemble persistent fetal lung buds. Congenital 
anomalies tend to become malignant and .such anomalies arc associated with 
bronchial adenomas. Tliat only a few have been found at necropsy may be due 
to their having replaced their adenomatous characteristics with those of malig- 
nancy. They usually lie close to the carina, in a main stem bronchus. Radical 
resection was advised. Lobectomy was u.sually impossible in light of their com- 
mon location. Bronchoscopic removal has l)een done on some, but with worr 3 ' and 
concern on the part of the surgeon ns to the ultimate fate of the patient. 

In the discussion, Harold Bninn advised bronchoscopic removal before lung 
resection, and added that when death occurred it was not due to the tumor, but 
to infection distal to the tumor. Ralph Adams cited 17 adenomas at the Jfassa- 
chusetts General Hospital, out of a series of 174 lung tumors; 5 of these were 
removed bronchoscopically, 1 was found at autopsj', and 11 were treated by 
pulmonarj’- resection with but 1 death. In contrast to these figures, he said that 
out of the 28 patients with bronchogenic carcinomas resected, onlj- 3 (11 per cent) 
were living. Planographj’ has been helpful in demonstrating the invasiveness of 
these tumors. John Alexander (Ann Arbor) said that these adenomas are grade 
1 carcinomas. In their series at the University of Michigan, thej’ have had 13 
such cases, two of which showed metastases. In one instance, a medullary car- 
cinoma, grade 3, was found in a metastatic gland. Dr. Jackson closed, sajdng 
that these adenomas arise chiefly at bronchial spurs; that the sequelae of 
bronchial obstruction were the real cause of trouble; that thej’ show no inherent 
tendency to malignancy, and that accurate pathologic diagnosis is essential. Cell 
structure maj' and does vary in different parts of the same tumor. Dr. Graham 
closed his remarks bj^ saj'ing that an adenoma might metastasize to a lymph 
gland without being malignant; but that while it shows no mitoses, and grows 
slowljq it is invasive, and potentially malignant, comparing it with a mixed tumor 
of the parotid which might exist twentj' jmars before undergoing malignant 
change. He cited eight cases of adenomas which showed regional or distant 
metastases. 

An Attempt to Evaluate the Effects of Thymectomy in the Treatment of 
Myasthenia Gravis, Alfred Blalock, Baltimore. — The knowledge of the relation- 
ship of the thymus to myasthenia gravis is meager and vague. Thymic tumors 
have been found in about one-half the cases of mj-asthenia gravis. The prostig- 
mine test is important in diagnosis; the optimum dose must be determined before 
operation. Patients do have spontaneous remissions, making it difficult to evalu- 
ate the benefits of the operation. The rationale of the operation is based on the 
cure of myasthenia gravis in 1936 by the removal of a thymic tumor It was 
subsequently tried where no tumor was present. He advised the use of an intra 
tracheal catheter, very little ether, local anesthesia, and a median sternotomy 
Of 20 patients operated on, 4 have died, 3 showed little or no improvement 5 
moderate improvement. 5 considerable improvement, and 3 may be regarded 'as 
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well. The more severe tlie mj’asthenia gravis, the greater likelihood of Irenefit 
from thymectomy. If a thymic tumor is present, it should be removed. Tlijunec- 
tomj" is indicated if the patient is disabled, even though there is considerable 
risk. Prior to the use of prostigmine, 70 to SO per cent died; 22 out of 100 
patients died, when treated with prostigmine. There is no way to predict the 
improvement to be expected from the operation, except that the shorter the pre- 
operative disability, the better the re.sults have been. X-ray treatment was 
useless in the absence of a thymic tumor. It would appear tliat other factors are 
involved besides the thymus. 

Indications for Pericardiotomy With Special Reference to Exposure of the 
Infected Patent Ductus Arteriosus, Harold Neuhof, Xcw York. — ^Dr. Neuhof ad- 
vocated a transpleural pericardiotomy as simpler and safer, except in the presence 
of infection. Aside from the usual indications, he advocated its use for obscure 
manifestations suggesting low-grade pericardial infection, for determining the 
existence of any residual after drainage for suppurative pericarditis, also occa- 
sionally to discover the extent of hilar invasion in carcinoma of the lung and to 
decompress tamponade-producing efCu.sions. More particularly the transpleural 
approach offers better exposure for ligation of the patent ductus arteriosus in 
cases of bacterial endocarditis. In the di.scustion, Stuart Harrington also en- 
dorsed the posterolateral approach, saying that it gave better exposure and greater 
ease in controlling possible hemorrhage, should it occur. J. C. Jones did not 
recommend opening the pericardium in ligating the patent ductus because tlie 
pericardial fluid obscures the operative field; he said also that cutting the fibrous 
attachments to the aorta lengthens the ductus and facilitates its ligation. 

Arteriovenous Eistula of the Lung. John C. Jones, Los Angeles. — Arteriovenous 
fistula of the lung is a rare lesion which presents a clear-cut clinical entity, con- 
sisting of cyanosis, clubbing of the fingers and toes, polycythemia, a normal heart, 
and increased blood volume with decreased oxygen saturation. Planography is 
helpful when a bruit is absent. He presented a case of a 2'1-3'ear-old white 
woman with a red count of 614 to 714 million, hemoglobin 130 per cent, blood 
pressure 112/91, clubbing of the fingers, a murmur over the tumor mass, and x-raj* 
pictures showing “tumor of the right lung’’ and “dilated vessels to middle 
lobe.’’ A pneumothorax of five months’ duration did not collapse the tumor, and 
did cause dj-spnea and mediastinal herniation. When pneumoneetomj- was done, 
no transfusion was given because of the polj-cj'themia. 

In the discussion, Robert M. Janes reported three cases, one of which was 
bilateral, with operation and recover}-. Ligation of the branch of the pulmonary 
artery to the involved lobe was sug'gested, but Dr. Jones thought this would bo 
ineffectual in controlling the shunt. 

Hydatid Disease of the Lung, Louis R. Davidson, New York. — ^The presence of 
our troops in countries where hydatid disease of the lung is prevalent is going to 
account in the future for its more frequent occurrence in this country. Although 
echinococcus infestation involves the liver in from 75 to 90 per cent of the cases, 
cyst formation in the lung occurs in about 10 per cent. Diagnosis is based on an 
eosinophilia (usuall}' over 4 per cent), complement fixation tost (unreliable, giving 
false positives), skin test (Casoni), and sputum examination for booklets and 
scolices. The cysts should not be punctured for diagnosis. These lung cysts have 
three layers, an inner, germinal layer, a middle layer or laminated membrane, and 
an outer layer or adventitia, representing a connective tissue reaction. In x-ray, 
these cysts appear round, homogeneous and sharply outlined, and often a cres- 
centic space appears within the cyst, which may be pathognomonic. Treatment 
consists of a two-stage thoracotomy, eradication of the cyst at the second stage. 
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nml treating the cysl bed witli 2 per cent formalin. In llie discnsaion, I>CO 
lilocsscr suggested (hat loliectoinv should shorten convalescence and reduce pos- 
sible complications. 

Studies of the Pathogenesis, Dynamics and Closure of Tension Cavities, H. M. 
Biggins, and E. P. Gearhart, Xew York. — Tuberculous cavities result fiom lique- 
faction and expulsion of caseous material. All bronchi communicating with cavi- 
ties are diseased. Behavior of cavities depends on whether the bronchus is open 
or closed. Rapid enlargement of tension cavities had often been observed without 
corresponding caseation and liquefaction of lung tissue. Clinically, tension cavi- 
ties exhibit wheezing, fever, and varying amounts of sputum; symptoms are often 
aggravated at the menses duo to bronchial swelling. By means of transthoracic 
needling, done only through an obliterated pleural space, it was found that in a 
cavity with a closed bronchus, there was a positive pressure; when more air is 
injected, the pressure rises and remains elevated, and when air is aspirated, the 
pressure remains negative. Gas analysis showed a low oxygen content with a 
closed bronchus, and atmospheric oxygen when the bronchus was open. The 
tubercle bacillu.s was always present in cavities; the presence of another organism 
was variable. Tension cavities behave unprcdictably. 

The Determination and Treatment of Pressure Cavities in Pulmonary Tuber- 
culosis, A. M. Vineberg, and W. E. Kunstler, iifontrcal.— Vineberg and Kunstler 
found that a large percentage of tvrbcrculous cavities were "tension” cavities 
and were rarely closed b}- thoracoplasty. The detection of those cavities can onlj' 
be accomplished by needling and recording intracavitary pressures. Intracavitary 
suction drainage will reduce such cavities to the size of the catheter, but perma- 
nent closure requires partial thoracoplasty. Negative pressure cavities close 
readily with thoracoplasty. Suction drainage and thoracoplasty afford the ideal 
treatment for closure of tension cavities. With giant cavities, they advocated an 
anterior thoracoplasty prior to suction drainage. 

An Evaluation of the Monaldi Suction Drainage of Tuberculous Pulmonary 
Cavities, J. E. Head, Chicago. — The Monaldi procedure may be useful in both 
tension and nontension cavities. Head employed it in patients with low vital 
capacity and to reduce the size of extremely large cavities. It should not be used 
if other accepted methods of treatment are applicable. Under local anesthesia, 
he makes a small anterior intercostal incision, puts in a pack, closes it, and 
later after the formation of adhesions, inserts a catheter. 

In discussing this group of papers, John Alexander said that the Monaldi pro- 
cedure rarely closes a cavity and that a large percentage of cavities are not tension 
cavities. Thoracoplasty does close many tension cavities. The present tendency is 
to fewer rib thoracoplasties with dropping in of the scapula, to preserve as much 
sound lung as possible. The abolition of the inspiratory excursion in the collapsed 
lung removes the cavity distending factor. E J. O’Brien stated that from 80 to 
90 per cent of all cavities were closed by pneumothorax or thoracoplasty. If a cavity 
required drainage, he preferred open drainage to the Monaldi method. Leo Eloesser 
said, "This discussion proves that we don’t know what we’re doing when we 
operate on tuberculosis.” He preferred the term "blocked cavity” to "tension 
cavity,” but would compromise on "insufflation cavity.” Cavities, he said, were 
caused by two factors, (1) insufflation, which is intermittent, part-time, and pertains 
only to round cavities, and (2) extrinsic factors, such as caliber of the communicat- 
ing bronchus, the character of the surrounding lung, and extremely involved aero- 
dynamic factors. Insufflation cavities demonstrate that positive pressure exceeds 
negative pressure within them most of the time. In closing, Dr. Biggins emphasized 
that pneumothorax fails in positive pressure cavities. Dr. Vineberg said that in 



626 


SUKGERY 


Canada, 30 per cent of cavities persist after thoracoplasty and that cavity drainage 
reduces the amount of surgery and avoids the sacrifice of good lung for adequate 
collapse. 

Pulmonary Eesection in the Treatment of Tuherculosis: Introductory Remarks, 
P. S. Dolley, Los Angeles. — ^Dr. Dolley emphasized the need for precise indications 
and criteria of satisfactory results. In general, lung resections for tuberculosis 
have gone too far, often because of the. difficulty in selecting the correct cases. 
Gases suitable for less radical, surgery should be excluded. The usual complica- 
tions after resection are extension and/or contralateral spread, empyema, and 
bronchial fistula tvith positive sputum. 

Total and Partial Pneumonectomy In the Treatment of Pulmonary Tuherculosis, 
R. M. Janes, Toronto. — Dr. Janes reported 15 cases of pneumonectomy, with 48 
per cent mortality, done because of bronchial stenosis, and 16 partial pneumonec- 
tomies (7 in upper lobes and 9 in lower lobes) with 25 per cent mortality. These 
latter were unusually difficult when the cavity was close to a fissure. He em- 
ployed a posterolateral approach and individual ligation technique; and closure 
was with pericostal sutures because they enhanced the comfort of the patient by 
immobilizing the ribs adjacent to the operative field. 

Lobectomy in Pulmonary Tuberculosis, H. C. blaier, Hew York. — ^Dr. Maler 
reported 16 cases of lobectomy done in the past one and one-half years, and ex- 
cluded all cases in which previous operations had been done, as well as those in 
which an accidental finding of tuberculosis occurred. The risk is not so great 
when individual ligation technique is used, along with improved anesthesia and 
appropriate pre- and postoperative care. His indications were: (1) in certain 
cases, in anticipation that collapse therapy might fail, (2) in some where there 
was no definite contraindication to thoracoplasty, (3) the lesion situated at a site, 
unfavorable for collapse therapy, (4) tension cavities where pneumothorax had 
failed, (5) bronchial tuberculosis, (6) lower lobe cavities, (7) extensive cavitation, 
liniited to a single lobe, (S) shrunken lobe, (9) unilateral disease in a young patient 
where thoracoplasty might give poor result. He felt that modern anesthesia 
should prevent contralateral spread. He used a posterolateral incision. There 
were 12 cases of upper and middle lobe lobectomy, and 4 lower lobe operations. 
Dissection from the chest wall may be very difficult; in fact may cause abandon- 
ment of the operation. He covered the bronchial stump with a pleural flap. 
Completion of fissures was often difficult. Time was saved by working slowly, 
the average time of operation being five hours. The average fall in blood pres- 
sure was only 13 mm. mercury (the greatest being only 25 mm.), and transfusions 
of 1,000 c.c. of blood were given during operation. Drainage was carried out 
for twenty-four to forty-eight hours. Ten patients had uneventful postoperative 
courses; 3 were unev utful except for increased density in the opposite lung 
which cleared later: 1 had an apical empyema (staphylococcus); 1 had a tuber- 
culous empyema with bronchial fistula and will require a later thoracoplasty; and 
finally 1 death occurred a month after operation from extensive spread to the 
opposite lung. Of the 15 survivors, 12 had negative sputa, 2 had positive sputa, 
and 1 is too recent to evaluate. Thoracoplasty was done later in 1 case. 

Primary Dpper Lobectomy Versus Modem Selective Thoracoplasty in the Treat- 
ment of Tuberculosis, J. M. Chamberlain, Oneonta, H. Y. — ^Years ago, the aim in 
treatment of tuberculosis was apparently obesity; later it became sputum con- 
version (bacteriologic cure), and now it is sputum conversion plus rehabilitation 
of the patient. Endobronchial tuberculosis is always present when there is a 
cavity. Vith bronchial obstruction, there may be emphysema, atelectasis, and 
tension cavities. Control of the parenchymal focus controls the endobronchial 
tuberculosis. The degree of emphysema is proportional to the size and extent of 
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the lesion. The status of the remaiiiiiiK Itinfj tissue is quite as important us 
sputum conversion. The functioninf; alveolar units and the hollows action of the 
chest must bo preserved, and if lobectomy produces a comjiensatory cmpliysoma, 
it harms the remainiiifi luiif;. The princi]>les of treatment are: (1) drainage, (2) 
immobility, (.’1) relaxation. (-1) compression, and (5) resection. Thoracoplasty 
satisfies those criteria in the following order, namely. No. .‘1, •). ] and 2. Ttespira- 
tory function after thoracoplasty may be unchanged, increased, or decreased. 
Upper lobectomy to control a major focus produces overdistontion of the remain- 
ing lung, especially the alveoli, and is less physiologic than selective thoraco- 
plasty, which preserves the oxygenating function of the remaining lung tissue by 
preventing alveolar distention. Since lobectomy jiroduces alveolar distention and 
poor function, it should be used secondarily, in the event of failure of thoraco- 
plasty. The following tabulation rci)ro.scnts some of the result.s quoted by those 
discussing these papers; 


PKEUMON'KC- 

TOMY 

LOliECTO^rY 

TOTAL 

DEAIl 

DOCTOR 

12 

9 

21 

e 

C. P. Bailey, 
Philadelphia 

? 

0 

35 

97 

20 

21 (227o) 

K. 11. Sweet, Boston 
Wilson, Boston 

10 

3 

11 

Not given 

.T. R. Davidson, 

Now York 

3 

5 

8 

0 

S. 0. Freedlander, 
Cleveland 


Dr. Sweet’s figures were from the Jrassachusotts General Hospital. Dr. Wilson 
was quoting Dr. Overholt’s result.s. If one is able to clamp the bronchus first, 
it may prevent contralateral spread. E. J. O’Brien conceded that while lung re- 
section is less hazardous than formerly, it is responsible for spreads and em- 
pyemas. He felt that lung resections do produce compensatory emphysema, while 
thoracoplasty preserves good lung tissue. Bronchostenosis is not a contraindica- 
tion to thoracoplasty since such stenoses may be dilated before and after thoraco- 
plasty. John Alexander said of the newer procedures, such as the Semb apicolysis 
(often complicated by subscapular infection), exprapleural pneumothorax, 
Monaldi and lung resection, that each may have its place, but that they should 
not be used where thoracoplasty would be effective. In case of doubt, it is best 
to err on the side of conventional collapse therapy because the risk is less. The 
newer procedures may be done successfully and still leave a positive sputum. 
The risk of a spread after lung resection is still considerable. John Strieder 
summed up the indications for lobectomy as (1) tuberculoma, (2) tuberculous 
bronchiectasis, (3) tension cavities, and (4) bronehostenotic lesions. S. O. Freed- 
lander gave an additional indication for lobectomy, namely, compression of an 
upper lobe bronchus bj"^ extrabronchial tuberculous glands. In closing, Dr. Dolley 
asked the personal question as to wdiether any of the audience would have a lung 
resection for tuberculosis, and then summed up the indications as he saw them, 
namely (1) cavities near the mediastinum (unlikel)' to be closed by thoraco- 
plasty), (2) tension cavities after thoracoplasty, and (3) progressive broncho- 
stenosis. Dr. Janes wondered whether the effect of ovordistention of the remain- 
ing alveoli was as bad as depicted. Dr. Maier said that after lobectomy for 
bronchiectasis, there is little change in lung function; and also that the im- 
mediate postoperative pleuritic reaction masks true lung function. Dr. Chamber- 
lain asked us to focus our attention on the remaining lung, and emphasized the 
fact that emphysematous lung tissue was functiouless even though it appeared 
normal by x-raj\ Ho said that bronchial peristalsis is lost after upper lobectomy 
and that there is decreased bronchial motility after any lung resection, making 
tuberculous spreads easier. 
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The Use of Whole Blood Transfusion in Eesections of the Bung, W. E. Adams, 
and T. F. Thornton, Jr., Chicago. — Large citrated blood transfusions may cause 
citrate intoxication. Eeferring to John Gibbon’s paper on fatal pulmonary edema 
at the Toronto meeting, produced by verj' large and rapid transfusions after bi- 
lateral lobectomy in cats, Ur. Adams said that the possibility' of pulmonary edema 
depended on (1) the amount of lung re,seeted, (2) the amount of blood given (it 
never occurred with 15 c.c. per Itilogram, the equivalent of one liter per 70 kg. 
in man), (3) the rate of administration, and (4) overtransfusion. Blood may be 
given to replace any operative loss without producing pulmonary edema. Blood 
should be replaced as it is lost and not after first giving plasma or glucose. Blood 
loss is usually' underestimated; it will usually average 1,500 c.c. for lobectomy' or 
pneumonectomy'. 

Studies in Oleothorax, P. D, Crimm, Evansville, Ind. — Tuberculous empy'cma is 
the result of rupture of subpleural tuberculous focus by' ulceration. The infected 
pleura cannot be chemically disinfected without doing more harm than good. 
Peanut oil and cod liver oil are irritating; they' inhibit the growth of the tubercle 
bacillus and produce exudates that seal the ruptured foci. The oil must cover 
the entire pleura until pleural thickening occurs. These oils stimulate an oblitera- 
tive pleuritis. Should the lung fail to re-expand, a less extensive Schede will be 
required. By' the use of oleothorax, aspirations are less frequent. 



Notices 


TO AID WAR EFrORT, AIMERICAN COLLEGE OF SURGEONS CANCELS 
1944 CLINICAL CONGRESS 

The Aincricnn Collcpfo of Surgeons, upon net ion of its Board of Rogcnls, lias 
canceled its Annual Clinical Congress because of the acute war situation that lias 
developed, involving greater demands llinn at any time in the past upon our 
transportation systems for the carrying of wounded military personnel, troops, 
and war materiel Tlie Congress was to have been hold in Chicago, 111., Oct. 
24 to 27 . 

Dr. Irvin Abell of Louisville, K}'., chairman of the Board of Regents, in making 
the announcement, said that this action was taken after consultation with officials 
in Washington, D. C. Some of the replies which were received from those officials 
rend in part ns follows: 

From Major General Norman T. Kirk, Surgeon General, United States Army: 

Naturally, we all like the.se meetings to bo held and to attend them. 
However, from an official standpoint I must say we are needing more 
and more railroad transportation to move our battle casualties from the 
ports to our hospitals. And there are still m.any troops in tlie United 
States who require railroad transportation to ports in order to get them 
overseas. In addition, difficulty is being c.vperienced in obtaining the 
necessary materiel to continue the battle. This means transportation for 
the raw materials that go into munitions and the shipping of those 
munitions to the ports after they are fabricated. Each month the need 
for this material overseas is increasing rather than diminishing. 

The war is far from won and I think we should all consider the war 
effort rather than the satisfaction of our individual desires. That should 
give us the answer. After seeing the bomb craters and destroyed homes, 
factories, and transportation facilities in Europe, I am not surprised 
that this nation feels it is far removed from war and that the war is 
about over. It isn’t. 

From B. H. Clare, assistant director, passenger section, division of traffic move- 
ment, Office of Defense Transportation: 

This office cannot attempt to evaluate the importance or the essen- 
tiality of any particular meeting. We have attempted to portray clearly 
the present critical transportation situation. The transportation require- 
ments of the Armed Forces are not at present being entirely satisfied. At 
the same time, soldiers and sailors on leave from duty overseas are un- 
able to secure Pullman accommodations to their homes and frequently 
have to stand in coaches for considerable distances. The responsibility, 
therefore, rests upon the officers of your organization to^determine if, in 
the light of these conditions, you should go through with your Chicago 
meeting. 

I believe you will agree that the Office of Defense Transportation can- 
not attempt to make this decision for you. We assure you that there is 
an urgent need for the curtailment of convention travel in order to clear 
the transportation channels of the country for the movement of military 
and essential civilian travel. We, therefore, ask for your serious con- 
sideration of our appeal in the light of this situation. 
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Feeling that the many factors in favor of holding the Clinical Congress, how- 
ever important, are less vital than the assurance of adequate transportation and 
the best medical care for the wounded, as well as the clearance of transportation 
facilities as far as possible for the conveying of troops and war materiel, the 
American College of Surgeons villingly cancels, for the third successive year, its 
annual meeting, in order to aid the war effort. The Regents recognize that there 
is a great burden on the members of the .surgical profession in their local com- 
munities as the result of the large proportion of the profession which is serving 
with the Armed Forces. They also take cognizance of the desire of the profes- 
sion to do nothing which would interfere with the successful prosecution of the 
war program, such as would be caused bj' the temporary absence of its members 
from duties during the period of the Congress. More than 3,000 surgeons and 
some 2,000 hospital representatives usually attend the Clinical Congress. 

At the annual meeting of the Board of Regents which will be held later in the 
year, fellowship in the College will be conferred in ahsf.ntia on the cla.ss of initiates 
of 1944, as there will be no convocation exercises. At the same time the list of 
hospitals, cancer clinics, medical services in industiy, hospitals conducting pro- 
grams of graduate training in surgerj', and medical motion pictures, that meet 
the College standards, will be approved and later published. 

All present officers, regents, governons, and standing committees will continue 
in office. 

War conditions permitting, the Clinical Congress will be held in the fall 
of 1945. 


THE ASSOCIATION OE MILITARY SURGEONS OE THE UNITED STATES 

Office of the Chairman of the Convention and Program Committees, 
Governors Island, New York, N. Y. 

Addresses by the nation ’s three surgeons general, the chief of the Veterans 
Administration, the commanding general of the Second Service Command, and 
New York City’s mayor will highlight the fifty-second annual meeting of the 
A,ssociatiou of Militarj- Surgeons of the United States at the Hotel Pennsylvania, 
New York, N. Y., Nov.’ 2 to 4, 1944. 

Other features of the meeting, which m being arranged under the direction of 
Colonel Lucius A. Salisbury, association president, and Colonel Charles M. Walson, 
chairman of the convention and program committees, will be forum lectures, dis- 
cussion panels, military and commercial scientific exhibits, and medical motion 
pictures. 

Expected to participate in the forums and discussions are; Major General 
Norman T. Kirk, Surgeon General, U. S. Army; Admiral Boss T. Mclntire, Surgeon 
General, U. S. Navy; Surgeon General Thomas F. Parran, U. S. Public Health 
Service; Major General David D. W. Grant; Rear Admiral Luther Sheldon; Major 
General G. Brock Chisholm of Canada; Brigadier Generals Frank T. Hines, James 
S. Simmons, Charles C. Hillman, Raymond W. Bliss, Fred lY. Rankin, Hugh J. 
itorgan, and Stanhope Bayne- Jones; Dr. Warren F. Draper, U. S. Public Health 
Service; Dr. Chester Keefer of Boston; and Dr. R. E. Dyer, National Institute 
of Health. * 

Forum lectures will cover war .surgery, chemotherapy, communicable disease.s, 
neuropsychiatry, medical problems in theaters of operation, dental rehabilitation, 
and equine encephalitis. 

Topics for discussion panels, which will be integrated with the lectures, are; 
War Wounds, Burns, and Fractures, Neurop.sychiatric Problems, Treatment and 
Prevention of Venereal Diseases, Penicillin and Sulfonamide Therapy, Ortho- 
pedic and Reconstruction Therapy, Neurosurgical Problems, Tropical Diseases in 
the Army and Navy, and Aviation Medicine. 
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Scpiirnte discussions, liuvo !il«o Inson arranged for Dental, Vetoiinary, fjanitary 
and Medical Administrative Corps oflicers. 

Colonel Frederick II. Foucar, of tlie fieeond Service Command Laboratory, is 
clmirman of the committee arranging tlio .scientific exhibits, which will include 
material from Army. Mavy, and Veterans llo.spitahs, the Carlisle Bariacks iMedicnl 
Field Training School, many medical depots, and the Oflicc of the Army Surgeon 
General. All available space for tlie technical exhibits of commercial firms was 
disposed of months ago. 



Major General Norman T Kirk, Suipeon General of the Army and honorary chan- 
man of the fifty-second annual meeting of the Association of Militaiy Suigeons, which 
will he held at the Hotel Pennsyhania. New Yoik, N. Y.. Nov, 2 to ■!. 1944, inclusive. 
(U. S. Army Medical Museum ) 

The annual banquet, which is to be addiessed by a piominent speaker lepre- 
senting the Army, will be held November 3, and an entertainment is planned for 
the night of November 2. The banquet speech and the speeches of the Surgeons 
General and the Veterans Administratoi will be broadcast nationallj^, while 
“spot” broadcasts will probably be made by several of the principal forum 
speakers. 

Other committee chan men for the meeting are: Brigadier General Ealph G. 
DeVoe, M.C., reception; Lieutenant Colonel Howard F. Baer, Sn.C., entertain- 
ment; Lieutenant Colonel Ealph E. Ladue, A.IJ.S., reservations; Colonel George 
W. Hinman, Jr., public relations; Mrs. Norman T. Kirk (honorary) and Mrs. 
Lucius A. Salisbury, women’s hostess. 

The registration desk will open November 1. Lieutenant Colonel E. E. Ladue 
52 Broadway, New York 4, N. Y. (HA. 2-5200), should be notified of any difficulty 
encountered in securing rooms through the Hotel Pennsylvania. 



Book Reviews 


Physical Foundatioiis of Radiology. By Otto Glasser, Ph.D,, Professor of Bio- 
physics and Head of Department of Biophysics, Cleveland Clinic Foundation, 
Cleveland, Ohio; Edith H, Qoimby, Sc.D,, Associate Professor of Radiology 
(Physics), College of Ph 3 *sicians and .Surgeons, Columbia University, Kew York, 
Y. Y.; Lauriston S. Taj'lor, Ph.D., Chief of X-Ray Section, National Bureau 
of Standards, 'Washington, D. C.; and J. L. Weatherwax, M.A., Philadelphia 
General Hospital and Graduate School of Medicine, University of Pennsjdvania, 
Philadelphia, Pa. Pp. 426. New York, 1944, Paul B. Hoeber, Inc. 

Presented in a readable, easih' understood, conci.se form, the general principles 
underlying the use of radiation for medical purpo.ses are here set forth. 

This small volume contains a brief description of the history' of radiology, of 
the nature of radiation, the character of x-raj' apparatus, and means of production 
of x-raj'S. The application of roentgen rays to diagnosis and therapj' is brieflj' 
discussed. The methods of measurement, both of x-raj-s and radium, are elabo- 
rated. The theories of radioactivitj’ and the uses of radium are briefly presented. 
Protective measures against the deleterious effects of radiation are discussed in 
some detail. The authors are all pre-eminent in their respective fields. The book 
can be highly recommended to anyone using roentgen or radium radiation as a 
•well-written authoritative introduction to the subject. 
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Original Communications 


Symposium on Surgical Lesions of the Thyroid 


DIFFUSE AND ADESOMATOUS GOITFAi AND GOITER 
INDUCED BY VARIOUS AGENTS 

“ ALuEitT C. Bijodich.s, axd 1‘Iditii JI. Barkhill, jM.D. 

Rochk.sti:i{, jMinn. 

(From the Division of Surgical Fathology, Mayo Clinic) 

G oiter, like many other palliologie pi’ocesses, lias been thoroiighlj" 
descrilmd l)y numerous writers. In view of the brevity of this 
paper, however, we deem it pertinent to draw on the literature in a 
more or less limited manner and to utilize for the most part our own 
experience in tlie presentation of the pathology of diffuse colloid goiter, 
diffuse hypertrojffiic parenchymatous or exophthalmic goiter, and hy- 
pertrophic parenchymatous or exophthalmic goiter with adenomas and 
adenomatous goiter with and Avithout intra-adenomatous parenchyma- 
tous hypertrophy. The diffuse hypertrophic parenchymatous or exoph- 
thalmic goiter and hypeitrophic parenchymatous or exophthahnic goiter 
AA'ith adenomas have been Ami-iously designated Parry’s disease, Pla- 
jani’s disease, BasedoAv’s disease, and Graves’ disease. In addition to 
the foregoing goiters, Ave shall call attention to certain other goiters 
that have been incidental findings in man and deliberately induced in 
experimental animals bj"^ Amrious agents. 

DIFFUSE COLLOID GOITER . 

The diffuse colloid goiter, Avhich used to be observed frequently 
from prepuberty to late adolescence, according to Haines^ is rarely 
observed today by the clinician. Furthermore, it is almost never seen 
by the surgical pathologist. This Uqie of goiter, as its name implies, 
present s itself macroscopically on section as a vesicular, usually soft'. 
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Fig 1. — ^Diffu'ie colloid goiter showing \csicles filled wltli colloid. 



Fig 2 — IiiffiiNf colloid pjitcr shown (n Fig. 1, follicles are lined for the most part 
with flattenrd epithelium and contain thin pale-staining acidophilic colloid (hema- 
tiiNjIin and tosin ■^'i) 
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llortzler- nttncliofl uliysiolofjic, clinical, and patliolou'ic siy:niricancc 
to the staininfr properties of colloid, lie i)ointed ont that normal col- 
loid is acidophilic and stains pale ))ink with eo.sin, that if the stain is 
le.ss intense than normal, the colloid is thin, and that pale-staininfj: 
colloid is usually associated with cellular hyi)erplasia, is mo.st marked 
in toxic 51'dters, and is to a deirrec a measure of toxicity. ITe further 
.stated that thick colloid is indicated when the .staijiinf>: with oosin is 
more intense than normal, that it is commmdy i)j'esenl in old j^oifers 
especially when there is degeneration of the connective tissue, and 



Fig. 3. — ^Diffuse nonadenomatous exophthalmic goiter in which the normal contour of 
the thyroid is preserved (thyroid-shaped goiter of MacCarty). 

that colloid which stains deeply with eosin is in the last stage of use- 
fulness. The colloid that stains with hematoxylin, or basophilic col- 
loid, he considered pathologic. He stated that basophilic colloid is 
associated with an atrophic and degenerated epithelium and that on 
the whole it is more pronounced in old goiters that are the seat of 
degenerative changes and in goiters associated with heart failure. 
These observations suggest the possibility that colloid of this type is 
representative of a substance which affects adversely the heart func- 
tion and that those acini which contain basophilic colloid are perma- 
nently funetionless. 
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Diri'USE HYPERTROPHIC PARENCHY5IATOUS THYROID OK 
EXOPHTHALMIC GOITER 

Before H. S. Plummer® instituted the preoperative administration of 
compound solution of iodine to patients with exophthalmic goiter, the 
diffuse nonnodular and nonadenoniatous hypertrophic parenchymatous 
goiter as seen by the surgical pathologist was a light brownish to 
reddish, fairJy fine-grained, firm giimd, regular in outline and often 
comparable in appearance to veal or beefsteak. Because its contour 
remains for the most part like that of the normal gland, MacCarty^’ ® 
termed it a “thyroid-shaped goiter” (Fig. 3). Colloid, although pres- 
ent in all exophthalmic goiters prior to the universal preoperative 



Piff I — Diffuse nonadenomatou-? exophthalmic sroiter shoainpr follicles of gallons 
shapr s and sizes lined with fpithelium that ranges from cuboidal to high colnmnai 
and containing a small amount of thin pale-staming acidophilic colloid (hematoxylin 
ind eosin xlCi). 


administ' ation of compound solution of iodine, was not an outstanding 
feature at that tune. The usual microscopic picture was that of round, 
oval, or irresulai tolhcles lined with epithelium which ranged in form 
from euboidal t< high columnar. The follicles also were characterized 
to a large extti.r by a papillary infolding of the epithelium and con- 
tained a small to a inodtiate amount of colloid of varying density 
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(Fiir. 4). It was rallior unusual to spc an cxo])li11ialiuic goiter of wliic-li 
the colloid content was comparable to that of a colloid goiter. 

Since the advent of administration of compound solution of iodine, 
the t.vpical meaty exophthalmic goiter is seen much less freriuently 
and has for the most part been replaced by a gland comparable to a 
colloid goiter, although .smaller. The change in the exophthalmic 
goiter is undoubtedly attributable to administration of the compound 
solution of iodine. Following administration of compound solution of 
iodine, the epithelium changes from columnar to a low cuboidul or 
flat type and the acini dilate or at least have larger lumiua, and their 
colloidal content increases (Fig. 5). This increase in the size of the 



Pig-. 5. — Diffuse nonadenomatous exophthalmic goiter showing the effect of the ad- 
ministration of compound solution of iodine. The cells lining* the follicles are for the 
most part flat or low cuboidal with some low columnar epithelium still present. The 
colloid dropped out in preparation of the section (hematoxylin and eosin XlOO). 

lumina is probably the result of the diminution in the size of the cells. 
Some exophthalmic goiters on the other hand are more or less re- 
sistant to the changes that usually take place after administration of 
compound solution of iodine. 

HYPEETKOPHIC PARENCHYMATOUS THYROID OR EXOPHTHALMIC 
GOITER WITH ADENOMAS 

The adenomas (Fig. 6) in hyiiertrophic parenchymatous thyroid or 
exophthalmic goiter may have follicles lined with columnar ciiillieliun 
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like those seen in the extra-adenoinatous portions of the goiter and, in 
addition, other follicles lined with euboida] or flattened epitlieliiim and 
more or less filled with colloid. Fetal acini or small undeveloped fol- 
licles lined with cnboidal epithelium and containing little or no colloid 
also may be present. The nodules sometimes observed in liypertrophic 
parenchymatous thyroid or exophthalmic goiters with or without ade- 
nomas differ from the true adenomas of exophthalmic goiter iji tliat 





Pig. 6. — Multiple adenomas 


in a hypcrtx’OpWc parenchymatous thyroid or exophthalmic 
goiter. 


^hey are not encapsulated, rarely contain true fetal acini, and under 
the microscope usually resemble the extranodular part of the goiter. 

other words the nodules are to a large extent comparable to the 
nodules observed in hyperplasia of the prostate gland. 


fn all hypertrophic parenchymatous thyroids or exophthalmic goiters, 
that is, in diffuse nonnodular, the nodular, and the adenomatous 
tjpes, varying degrees of chronic thjmoiditis may be present. The 
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elironie thyroiditis in those p:oilor.s is cliaraelerizod by fibrosis and 
lymphocytic infiltration of the inferfollicular tissue, with or without 
formation of jrerm centers. Tliis inflammatory reaction is probably 
atlributaljlc not to l)aeterial activity but to toxic ])roducts of the goiter. 
To some extent tliis form of thyroiditis may be activated by compound 
solution of iodine, as it has been more in evidence since the tlicrapeutic 
use of compound solution of iodine began. 



Fig-. 7. — Partially degenerated, well-encapsulated adenoma of the thyroid. 

Warthiii® was of the opinion that the most important histologic 
criterion of BasedoAv’s disease, toxic adenoma, and so forth is the 
presence throughout the thyroid gland of hyperplastic primitive lymph 
nodes with germinal centers giving evidence of lymphoid exhaustion. 
AVarthin obserAmd that in exophthalmic goiter, toxic adenoma, and so 
forth the pathologic picture of hyperplasia of the primitive lymph 
nodes of the thyroid, hyperplasia of the thymus, and other anatomic 
stigmas of the thymicolymphatic constitution is present. He Avas of 
the opinion that BasedoAv’s disease, toxic adenoma, and so forth are 
pathologic reactions potentially predetermined at birth by Aurtue of a 
constitutional anomaly. This constitutional anomaly he preferred to 
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call “Crraves’ constitution.” He went further- and stated that the 
presence throughout the thyroid gland of hyperplastic primitive lymph 
nodes with germinal centers which give evidence of lymphoid exhaus- 
tion determines the existence of the Graves’ constitution and that 




Fiff. S. — Multiple, variously sized, well-encapsulated adenomas of the thyroid. 

evidence of this constitution may be recognized in the thyroid glands 
of young children. He considered Grar'es’ constitution to be the un- 
dei-lying pathologic and clinical entity of exophthalmic goiter, toxic 
goiter, and toxic adenoma. 

ADENOMATOUS GOITER 

Adenomas may occur singly (Fig. 7) but usually they are multiple 
( Fig. S ) . They vary mai-kedly in size, from soft to fimi in consistency 
and from a light amber to a reddish bi-own in color; thej-^ are encap- 
sulated. They may undergo various types of degeneration, such as 
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homovrhajjie, lihrous. liyalino. t*ak*aroous, (^niDular), ain] cystic, 

^racroscopically anti niiccoscopically, true adenomas differ from the 
surrounding thyroid tissue. 

At this point we deem it pertinent to state that we nuree witli the 
following statement in the summary of Oraham’s' classical article, 
lie said. “By analogy and liy the prineijiles of geiieral pathology, the 
encapsulated masses of nonlohulated thyroid tissue that do not invade, 
do not metastasize, and do not pre.sent histological characteristics 
which may he recognized as those of cancer, should he cla.ssified among 
the adenomas until we are sufHciently well acriuainted with neoplasms 
from an etiological and biological standi)oinl to do otherwise.” 



Fig. 0. — AOenonia of thyroid (Fig. 7) showing fetal follicles of varinn 
two large follicles containing fairly dense acidophilic colloid (hemato.wlin ^ - 
X75). ■ ■ 

IMicroscopically, the arrangement, shape, and size of the 
cells vary in different adenomas and in different parts of-' 
adenoma. The cells may appear in ditfuse masses withoi:*-" 
of acini (undifferentiated fetal adenoma), in small fetp 
small Inmina containing no colloid, in large fetal acir',.' 
lumina and with a small content of colloid or in Aveljy. ' 
lined by cnboidal or columnar cells, and with large h .. z- 
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colloid. These adenomas usually contain fetal acini or follicles in ad- 
dition to well-developed acini which contain colloid (Fig. 9). Columnar 
epithelium, not infrequently presenting a papillary, infolding effect, 
appears most often in adenomas associated with the hypertrophic, 
parenchymatous thyroid gland of exophthalmic goitei-, less often in 
toxic adenoma, a clinical entity recognized and described hy II. S. 
Plummer,®'^® and rarely in nontoxic adenoma. The toxic adenoma can- 
not he distinguished macroscopieally from the nontoxic adenoma, nor 
can it always be distinguished miei-oscopically. However, Avhen an 
adenoma of the thyroid gland is seen in which columnar epithelium 
is prominent, it is safe to consider it a toxic adenoma; the degree of 



Figr 10 — Toxic adenoma on left side showing follicles of \arjous sizes part of 
which are lined with columnar epithelium with papillar\ infolding *Ti^ch in evidence 
There is a well-defined capsule in the middle with practical^ normal thjroid gland 
on the right side (hematox^lln and eosm X**0) 

toxicity probably depends on the amount of columnar epithelium and 
on the size and number of such adenomas in the gland. JohnsoiP^ 
found intra-adenomatous hypertrophy in 37.4 per cent of cases in which 
a diagnosis of adenomatous goiter with hyperthyroidism was made, 
whereas in cases in which the diagnosis v as adenomatous goiter with- 
out hj'perthyroidism he foirnd intra-adenomatous hypertrophy in only 
19 per cent. In order to make a microscopic diagnosis of toxic adeno- 
ma. the columnar epithelium, which may occasionally he associated 
vith a papillary infolding, must be limited to the adenoma. In other 
words, the extra-adenomatous thyroid tissue .should be practically nor- 
mal, or at least should not show the microscopic features of exophthalmic 
goiter (Fig. 10). 


IIUODKRS AXn rAIiKIlIIAi: mriMISK AND ADl^NOMATOtJ.S OOITKK G4.> 

OOITKKS INl)Un:i) »A' vakioiis aoknts 

In rcconl venrs eerlain ini (‘restin'? and iniparlanl forms of goiter 
liave. been observed after tlie administration of a variety of agents. 
Some of these goiters are now eoming to the attention of the patliologist. 

One of tlie fir.st of those forms of goiter to be noted in man was that 
seen in patients receiving thiocyanates over a prolonged period in the 
treatment of hypertension. Occasional enlargement of tlie thyroid 
gland during the administration of thiocyanates was reported by 
Barker’" in and l)y Barker, l/mdherg, and 'Wald’'’ in 1041. 

Kohacker” in 1942, Fahlnnd’'’ in 1942, and Foulger with Bose’*’ in 
1943 each reported an instance of enlargement of the thyroid gland 
following thiocyanate therapy. Bawson, Hertz, and Means,”’’” in 
1942 and 1943, published a thorough study of thioeyauate goiter in 
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Pig. 11. — Thiocyanate goiter; the pathologic picture is comparable to that of an 
exophthalmic goiter (hematoxylin and eosin X125). (Courtesy of Dr. Eugene B. 
Potter. ) 

man, with histologic and metabolic studies. Potter’® in 1944 reported 
two eases of thiocj'anate goiter and described the microscopic findings. 
In these cases the thyroid gland is enlarged but the metabolic rate is re- 
duced. Exophthalmos is present in some cases. The thyroid gland on 
biopsj' or resection shows parenclijonatous hypertrophy (Pig. 11). The 
gland is cellular ; the epithelium is cuboidal to columnar and the colloid 
generally is scanty or absent. The acini are small. Discontinuance of 
thiocyanate therapy or administration of desiccated thyroid results in re- 
turn of the gland to normal size and an elevation of the metabolic rate. 

Astwood,®® and Hertz and Boberts”’ produced similar results in rats, 
that is, enlargement and hyperplasia of the thyroid gland and lower- 
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ing of the metabolic rate by the administration of sodium or potassium 
thiocyanate. Simultaneous administration of potassium iodide inhibited 
this effect.^" 

Goiter produced by thiocyanates in many respects resembles a form 
of experimental goiter of great interest since it was first reported by 
Chesney, Clawson, and Webster-- in 3928, the so-called “cabbage 
goiter” or “cyanide goiter.” Marked enlargement and hyperplasia 
of the thyroid glaiid and a lowering of metabolism developed in rab- 
bits fed on a diet consisting mainly of cabbage. A search for the 
active agent in cabbage and other Brassiea plants demonstrated that 
cyanides, particularly methyl cyanide, were effective in pimdueing a 
similar goiter Avhen administered to rabbits.^^ Kennedy and Purves-'' 
found that they could produce goiter in rats by feeding seeds of the 
Brassiea family (rapeseed). 

The cabbage goiters and the cyanide goiters, like those produced by 
thiocyanate, can be prevented by the simultaneous admini.stration of 
iodine. The administration of iodine after the development of goiter 
in rabbits, however, resulted in the onset of symptoms of severe, some- 
times fatal, hyperthyroidi.sm.-“ 

Other important compounds recently found to have j^owerful goiter- 
producing effects fall mainly in two groups; (1) thiourea and various 
thiourea derivatives and (2) sulfonamides and related substances. 

Kennedy-® in 1942, reasoning that the goiter-producing effect of 
rapeseed might be due to a derivative of urea, injected allylthiourea 
into rats and found that it produced large goiters. Pichter and 
Clisby^^ in 1941 produced marked hyperplasia of the thyroid of rats 
by administration of phenylthiocai’bamide. MacICenzie, IMacKenzie, 
and McCollum-® in 3941 found that the administration of sulfaguani- 
dine to rats re.sulted in enlargement of the thyroid, and in 3942 Jfae- 
Kenzie and MacKenzie^® produced goiters by administering thiburea, 
diethylthiourea and allylthiourea as well as sulfaguanidine and other 
.sulfonamide compounds. A.stwood, Sullivan, Bissell, and Ty.slowitz®® 
in 1943 produced enlarged thyroid glands in rats with both .sulfona- 
mide compounds and thiourea. 

The thyroid glands in the animals treated with thiourea and thiourea 
compounds are diffusely enlarged and reddened, and the vessels are 
enlarged. ^licroseopically the height of the acinar cells and loss of 
colloid from the follicles are increased greatly in this type of goiter. 
The follicles are increased in size and appear to be increased in num- 
ber. The lumina are decreased in size, due in part to many papillary 
projections; some follicles are solid round or oval masses of cells.®® 

Astwood®® in 1943 tested various compounds and found that 39 out 
of 106 sub.stanees used were effective in causing enlargement and hy- 
perplasia of the th 5 T’oid gland in rats. He found that thiouracil, a 
derivative of thiourea, was the most effective sub.stance in the thiourea 
group. Of the sulfonamide drugs and other derivatives of aniline. 
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sviKiuliazine had iho most active clTcct on the lh>’void jiland. Feldman, 
llinshaw. and iMann'” in ]5M4 in adininisterinii to srninea pifis a snlfonc 
derivative, promizole, found that tlie thyroid <:lands l)cenine enlarged 
and hyperplastic, llijifiins ami Ijarson"*- in 1.044 eontirmed this result 
in rats. 

Tt is of intcre.st that tlie cxiieriinenlnl production of fioiter liy cyanides 
and thiocyanates has been ]irevented hy the simultaneous administration 
of iodine, ■whereas the iioitroKenie effect of tliiourca and sulfanilamide 
and related compounds cannot he prevented hy administration of 
iodine, hut ean he prevented hy the administration of de.siccated thy- 
roid or thyroxin. Admini.stration of de.siccated thyroid or thyroxin 
vas also effective in reducing goiters after they Inid develo])ed regard- 
less of ■whether they had followed administration of cyanides, thio- 
cyanates, thiourea, or sulfonamide compounds. 

It has been assumed that the action of the various drugs which 
produce goiter is by means of an inhibition of, or interference with, 
the manufacture of the normal thyroid hormone.’®’ The resulting 
increase in activity of the thyroid-stimulating pituitary hormone brings 
about hyperplasia of the thyroid cells but does not bring about an 
increase in thyi-oid hormone, which is in fact reduced to subnormal 
levels. This inhibitor}^ effect has been made use of clinicallj’- by the 
administration of thiourea or thiouracil to patients suffering from hy- 
perthyroidism in the form of Graves’ disea se.-’^'®® In addition to dis- 
appearance of toxic symptoms and a decrease in the basal metabolic 
rate, temporary increase in the size of the thyroid gland Avas observed 
in three of nine patients treated with thiouracil by Williams and Bis- 
sell.®® Microscopically the thyroid gland in cases of Graves’ disease 
treated Avith thiouracil sIioavs extreme liyperplasia Avith heightened epi- 
thelium, marked papillary infolding, and mitosis in the epithelial cells. 

We should like to take this opportunity to record our impression 
that in the thiocyanate goiter there is more cellular hypertrophy, it is 
therefore more nearly comparable microseoihcally to an exophthalmic 
goiter, and that the thiouracil goiter is more of a cellular hyperplasia 
Avith mitosis very mAieh in evidence, and is therefore more comparable 
to a carcinoma of the thyroid. 
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DIAGi\OSlS OF TUYIiOTOXlCOSIS 


"WiLLAUD 0. Thompson, Chicago, Iu.. 

(From ihc Department of Medicine, University of lUinois College of Medicine 
and the Preshyterian Hospital) 

I)KP1^HTI0N 

T he term thyrotoxicosis aiiplios to cxoi)lithalmic goiter, toxic ade- 
noma. and mixed types of toxic goiter. Sfany investigators liave 
come to the conelnsion that tlie underlying pathology of exophthalmic 
goiter and toxic adenoma is tlic same and that any differences that arc 
noted in the clinical picture are the result of variations in the response 
of the individual patient to the thyroid intoxication. This point of view 
is still not completely established. However, for the purpose of this 
article, all types of toxic goiter may he grouped together under the 
general term thyrotoxicosis. 

SIGNS AND SYMPTOMS OP THYROTOXICOSIS 

The most outstanding manifestations of thyrotoxicosis ai’e; 
Goiter 

Nervousness and irritability 

Tremor 

Tachycardia 

Palpitation 

Other signs and symptoms of the disease are ; 

Exophthalmos 

Loss of weight in spite of a good appetite 
Increase in basal metabolism 

Dyspnea and, in a few patients, cardiac decompensation 

Increased perspiration, flushing of the skin, and dermographia 

Sj^stolic thrill and bruit over the thyroid 

Emotional instability 

Muscle weakness 

Ease of fatigue 

Fever 

Nausea and vomiting 
Diarrhea 

Pressure symptoms from the goiter 

Scantiness of menstruation and, in a few patients, rather Ion" 
periods of amenorrhea 

Increased excretion of calcium and decalcification of bone 
Gaiter . — Some differences between the syndrome known as exoph- 
thalmic goiter and that known as toxic adenoma should be pointed out. 

Received for publication, July 10, 1044. 
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In general, tlie onset of tlie disease is inucli more abrupt in patients 
witli exophthalmic goiter, Plummer estimated that in the patients 
seen at the Mayo Clinic, fourteen and one-half yeai-s elapsed, on the 
average, from the time of appeai-anee of a nodular goiter until the 
onset of hyperthyroidism. The term exophthalmic goiter is a misnomer 
because the disease may be present without exophthalmos and without 
a goiter, although it is most unusual to observe the absence of both 
in the same patient. Even though the thyroid gland may not be en- 
larged, it is usually much firmer tlian normal and in patients who show 
very little enlargement, the increased fii-mne-ss may be an important 
diagnostic sign, particularly if it is associated with the presence of a 
systolic bruit over one or both of the supeinor poles. A bruit and thrill 
do not occur in the normal gland. The problem of diagnosis is some- 
times complicated by the fact that a large portion of the thyroid or 
even all of it may be in the substernal area. As a rule, only a portion 
of the gland lies substernally and when most of it is in the substerjial 
space the upper edge can be palpated, particularly when the patient 
swallows. The presence of substernal nodules can often be detected 
by careful palpation during the act of swallowing. When thyroid tis- 
sue cannot be palpated, it can sometimes be demonstrated by roentgen- 
ray examination of the chest. The rare finding of the thyroid tissue 
below the level of the mediastinum, for example just above the dia- 
phragm, may ])e borne in mind in .some unusual cases in which tlij^ro- 
toxicosis appears to be present but thyroid tis.sue cannot be located. It 
may be emphasized tliat it is unusual to be unable to palpate any tlij-- 
roid tissue in patients with thyrotoxicosis, and goiters that are entirely 
confined to the .substernal space so that no poi’lion of them can be 
palpated are rare. 

It is veiy important to use the correct method of palpating the thy- 
I’oid. Best results are obtained by standing behind rather than in front 
of the patient. It is preferable to have the patient in the sitting posi- 
tion. The head may, if desired, be rotated slightly toward the side 
to be examined in order to relax the steniomastoid muscle. The trachea 
is displaced to one side by pressing against it with the fingere of one 
hand. The thyroid tissue on the opposite side of the neck may then 
be palpated by placing the thumb behind the sternomastoid and the 
finger's in front, taking care not to confuse muscle tissue with thyroid 
tissue. By manipulating both hands at the same time and having the 
patient swallow, it is possible to palpate almost all thyroid tissue that 
is present in the neck and also to feel the lower extremity of most 
goiters which have some substernal extension and to feel the upirer end 
of most truly substernal goiters. Tissue on the opposite side of the 
neck is palpated by reversing the position of the hands and, if desired, 
rotating the head slightly torvard that side. It is possible with careful 
palpation to outline all normal thyroid glands. Tho.se that cannot be 
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imlpatccl arc usually very small and atrophic. Palpation is of great ini- 
])ortance in donhlful eases. The delect ion of abnormal tliyroid tissue, 
for exam])le the lU’esence of a few .small nodules which extend sub- 
.sternally, may be the determining factor in deciding whether or not 
the patient has thyrotoxicosis. 

In symmetrical cnlargcment.s of the gland with hyperthyroidism, a 
bruit which is sy.stolic in time is fi'oipiently heard. It is usually most 
marked over the superior poles and may be audible all over the gland. 
Tt may or may not be accompanied by a systolic thrill. In nodular 
goitei's with hyperthyroidism, a thrill and bruit arc usually not heard. 

Pressure symi)loms from the goiter are noted in about one-third of 
the patients. They arc usually not serious unle.ss the goiter extends 
into the sitbstcrnal space. Some distortion and compre.ssion of the 
trachea may occur. The pressure .symptoms of toxic goiter must not 
be confused with the sensation of a lump in the throat which is so com- 
mon in nervous women who do not have thyrotoxicosis. 

Ncrvou.s Mailifcsiaiions . — The nervousness of toxic goiter is fairly 
typical. It is characterized by restlessness, inability to sit still, irrita- 
bility, and sudden fits of weeping without, much .iustification. Many 
patients are easily frightened, worry a great deal, and are very sensitive 
before the onset of the disease. These tendencies are exaggerated after 
the development of toxic goiter. It is not always easy to be certain 
when nei'vousness and emotional instability ai'e caused by thyrotoxicosis 
and when they are the result of some domestic difficulty or one of the 
other major problems of living. The nervous manifestations may be 
similar in both instances. In the case of toxic goiter, it is the combina- 
tion of nervousness, irritability, and emotional instability Avith other 
manifestations of the disease which makes the diagnosis possible. A 
large percentage of patients referred to a thyroid clinic with the tenta- 
tive diagnosis of thyrotoxicosis prove to have no overactivity of the 
thyroid at all and often are nervous women Avith domestic problems. 

In general, the nervous manifestations of the disease are greater in 
patients with exophthalmic goiter than in those with toxic adenoma. 
Indeed, the presence or absence of emotional instability was considered 
by Plummer to be the most important sign in distinguishing between 
these two diseases. 

Tremor . — The tremor of thyrotoxicosis is fine and rapid in contrast 
to the coarser, slower tremor of Parkinson’s disease. There are how- 
ever, exceptions to every rule and in some instances the treinor is 
coarse. It should be pointed out that Parkinson’s disease is sometimes 
accompanied by a syndrome resembling exophthalmic goiter. This phe- 
nomenon is of interest in view of the reported production of thyrotoxi- 
cosis in animals by injury to the base of the brain. 

Cardiac il/anf/cstfl/mns.— Palpitation and tachveardia are the rule 
The most common finding is rapid, forceful beating of the heart. The 
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heart beats are often so forceful that tliej' shake the wliole chest wall. 
In a few instances the heart rate may be very little increased in spite 
of a gi’eat increase in the basal metabolism. In rare instances in which 
complete heart block is present, the onset of thyroto.vicosis may cause 
the heart rate to rise approximately to the normal level. A rough 
pai’allelism has been noted between tlie product of the pulse rate and 
pulse pressure and the level of the basal metabolism. 

Dyspnea is common, particularly on effort. The increased work de- 
manded of the heart is sometimes enough to produce cardiac decom- 
pensation, especially when the heart is independently damaged. Both 
transient and prolonged attacks of auricular fibrillation are not uncom- 
mon. Auricular flutter is rare. The onset of auricular fibrillation or 
cardiac decompensation or both usually means that the heart is inde- 
pendently damaged by arteriosclerosis or ilieumatie fever. Attacks of 
true angina pectoris are not veiy common and when they do occur, 
tend to disappear after the disease has been abolished by suitable treat- 
ment. The presence of thyrotoxicosis must alwa.vs be thought of in 
patients with unexplained auricular fibrillation and cardiac decompensa- 
tion. The diagnosis is not always easy, particularly when toxic goiter 
occurs in apathetic individuals. The nervous manifestations of the 
disease may then be almost absent and what few there are can be 
elicited only by the most careful examination of the patient. Cardiac 
decompensation in itself may produce a considerable amount of increase 
in the basal mptabolism. 

The dyspnea of thyrotoxicosis is probably due hi part to a specific 
chemical effect of the th.i'roid hormone on the heart muscle, as well as 
to overwork of the heart. The ease with which skeletal muscle fatigues 
in this disease is probably the result of a similar disturbance. Mechan- 
ical factors alone explain only part of the picture. 

Neuroeirculatory asthenia is sometimes confused with thyrotoxicosis 
because of nerrousness, ease of fatigue, rapid forceful beating of the 
heart, and some increase in pulse pressure. Exophthalmos is not pres- 
ent. There is usually no goiter and the basal metabolism is normal. 

Exophtludmos . — Exophthalmos of vaiying degi’ee is noted in from 
60 to 70 per cent of patients with exophthalmic goiter but is not com- 
monly noted in persons witli nodular goitere and hyperthyroidism. In 
determining the degree of exophtlialmos, it is important to bear in mind 
the natural prominence of the patient’s eyes before the onset of the 
disease. Puffiness of the eyelids is a very characteristic finding and is 
sometimes of more diagnostic A’alue than exophthalmos. The prom- 
inence of the eyes may vaiy greatly in the same patient from time to 
time and varies greatly from patient to patient. One eye is often more 
prominent than the other. A great variety of eye signs have been 
described but only two of tliem are of much practical importance, 
namely, lid lag (von Grafe) and poor convergence (Moebius). As the 
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exoplillialmos incveasos, tho iiioveinouls o!’ various cxlraoculav imisclcs 
may be impaired, produciii": many almormalities in the movements of 
the eyeball. 'When the condition is so marked that the eyelids cannot 
be closed, there is great danger of the dcveloinnent of a corneal nicer. 
The condition may be .so extreme that a jn-olajisc of the eyeball occurs 
and it is occasionally necessary to resort to operative iirocedurcs in order 
to correct those malignant forms of exophthalmos. ]'lxo])ht ha linos may 
be the first sign of exo])hthalmie goiter and may precede the onset of 
an increase in basal metabolism by as much as six months. Bilateral 
exophthalmos means cxo])hthalmic goiter until proved otherwise. AVhen 
the condition is strictly unilateral it is necessary to consider the possi- 
bility of a tumor of the orbit pushing the eyeball forward. 

Loss of Weighi . — One of the most charaetci'istic features of toxic 
goiter is loss of weight in spite of an increase in appetite. Tliis phe- 
nomenon is the result of the increase in basal metabolism. Loss of weight 
is not invariable and weight may be gained if the ingestion of calories 
is sufficient to exceed the expenditure. The loss of weight may be rapid 
and extreme and, in general, the greater the loss of weight the more 
serious the condition of the patient. In gauging the risk of operation 
more attention is paid to the general nutritional state of the body than 
to any other factor. The most common conditions in which similar ex- 
treme loss of weight may be encountered are diabetes mellitus, pul- 
monary tuberculosis and other chronic infections, and carcinoma. The 
excretion of nitrogen in the urine of patients with toxic goiter may be 
very high, indicating rapid breakdown of tissue. For this reason, it is 
very important that the diet be high not only in calories but also in 
protein. 

In diabetes mellitus weight is sometimes lost in spite of a good appe- 
tite. The presence of large amounts of sugar in the urine leaves little 
doubt about the diagnosis. However, toxic goiter and diabetes mellitus 
sometimes occur together. The diagnosis is then made by the finding of 
a high basal metabolism, goiter, nervousness, increased perspiration, and 
all the other manifestations of toxic goiter, together with the presence 
of large quantities of sugar in tlie urine and other manifestations of 
diabetes mellitus. While traces of sugar may be found in the urine of 
patients with toxic goiter -wathout diabetes, the presence of lai'ge quan- 
tities almost invariably means that the patient has diabetes mellitus. 
When the glycosuria is mild and requires only small amounts of insulin 
for its control, it may disappear after a thyroidectomy. 

Although pulmonary tuberculosis is commonly stated to be confused 
with toxic goiter, in our experience it rarelj" presents any problem. 
Pulmonary tuberculosis does result in loss of weight, tachycardia, and 
ease of fatigue, but is readily distinguished from toxic goiter by the 
poor appetite, normal basal metabolism (unless a fever is present). 
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absence of goiter, eharaet eristic roentgen-ray findings, and the recovery 
of tubercle bacilli in the sputum and fasting gasti’ic contents. 

Gastrointestinal Si/niptoms. — Diarrhea occurs in less than one-third 
of the eases and usually in the more severe ones. An increase in ap- 
petite is the rule but in a few patients nausea and vomiting are noted. 
When present, they indicate that the disease is veiy severe and are 
strong presumptive evidence of an impending crisis. They are to be re- 
garded in the most serious light and mean that treatment must be 
started at once. They sometimes persist in spite of the administration 
of iodine and under these circumstances indicate a bad prognosis. 

Muscle 'Weakness. — ^Sluscle weakness is almost always present to some 
extent and is easil}' demonstrated by difficulty in stepping up on a chair. 
The intensity of muscle weakness and emotional instability are directly 
ralated to the severity of the disease and the risk involved in operation. 
The development of muscle weakness is undoubtedly the result of a 
chemical disturbance in the muscle and is probablj' related to the metab- 
olism of phosphoereatine. Muscle wealmess diminishes as weight is 
gained dui'ing the administration of a high caloi’ic diet which is high 
in protein. 

Ease of Fatigue. — Ease of fatigue goes hand in hand with muscle 
weakness and bears a direct relationship to the severity of the disease. 
However, exceptions are noted and in some patients the disease produces 
at fii-st an exhiliration and apparently increases the capacity for work. 

Cutaneous Manifestations. — The skin is commonly warm, moist and 
flushed, although pallor maj' be present and there may be little inci’ease 
in perspiration. The skin flushes easily just as it does in women with 
the menopausal sj-ndrome and there is usually a dermogi’aphia. 

Fever . — The temperature of the bodj’’ is usuall}’" normal but in occa- 
sional instances a moderate elevation of the temperature appears to be 
explained only by the presence of th}T.-otoxieosis. 

Menstrual Disturbances. — Scantiness of menstruation is common in 
toxic goiter just as profuse bleeding is common in hj'pothjuoidism. The 
intemenstrual periods may be greatly prolonged. The longest period 
of amenorrhea which we have obseiwed is nine montlis. 

Effect on Calcium Metabolism. — Hyperthyroidism results in an in- 
creased excretion of calcium in the urine without any change in the 
concentration of ealcimn in the serum, in contrast to hj'perparathy- 
roidism which causes an increase both in the exci’etion of calcium in the 
urine and in the concentration of calcium in the serum, 'When hyper- 
thyroidism is present for a long period of time, extensive decalcifieation 
of bone may result if the intake of calcium is low. Spontaneous frac- 
tures have been reported in rare instances as a result of this change. 
A minister is reported suddenly to have grown two or three inches 
shorter one Sunday v hile preaching, a few weeks after a thyroidectomy. 
He had suffered from spontaneous fractures of two vertebrae. On 
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roenigenologic examination the only change noted in hyiicrtliyroidism 
is nniform decalcification. Tlie bone eyst.s charactei’islic of hyper- 
parathyroidism are not obson-ed. 

Increase in Basal Metaholism.— The most important laboratory guide 
to fluctuations in thyroid function is llie determination of the basal 
metabolism. However, it is not to be relied upon too greatly and is not 
a substitute for a careful history and physical examination. It is, how- 
ever, a very important aid in diagnosis and in following the effect of 
treatment. Too much emphasis cannot be placed upon the value of 
determining the level of basal metabolism instead of relying upon a 
single test. Before carrying out any treatment, the metabolism should 
be determined on successive days until a level is reached. Only in 
this way is it possible to determine the severity of the disease as judged 
by the amount of inerease in basal metabolism and also to measure the 
effect of treatment, in particular that of iodine. In hospital patients 
the firet metabolism is, on the average, about fifteen points higher than 
the level which is subsequently established. If a single determination 
is relied upon, false conclusions may be drawn. If the elevation is 
only moderate, the metabolism may drop to normal when it is repeated. 
False diagnoses of thyrotoxicosis may thereby be avoided. The amount 
of elevation of the basal metabolism bears a rough relationship to the 
severity of the disease, although many exceptions are noted. In gen- 
eral, the rate must be consistently elevated 15 per cent or more above 
the normal before it can be concluded that thyrotoxicosis is present. In 
doubtful cases, the influence of iodine or thiouracil on the rate of 
metabolism may be of diagnostic value. If the metabolism is reduced 
and the symptoms ai’e alleviated during the administration of iodine 
or thiouracil, and the two increase when the administration of these 
drugs is discontinued, it may be assumed that thyrotoxicosis is present. 
The response to iodine is of special value when the increase in metabolism 
is slight and yet the symptoms of the disease appear to be definite. 
Under these circumstances, the administration of iodine may reduce the 
metabolism to a normal or even to a subnormal level. In I’are instances, 
particularly following a subtotal thyroidectomy, patients appear to be 
thyrotoxic in spite of the presence of a normal level of metabolism. 
In such patients the rate may drop to betw^een minus 15 and minus 
25 per cent in association with clinical improvement. Nervousness will 
reappear when iodine is omitted and the metabolism rises to normal. 
In such patients the subnormal level of metabolism produced by iodine 
may possibly represent their true normal level, so that a standard normal 
level would be, for them, a thyrotoxic one. In other patients with a 
normal level of metabolism following operation, the administration of 
iodine may produce myxedema with a lowering of the metabolism. These 
abnormalities disappear when the administration of iodine is discon- 
tinued. 
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Obsen-ation of the influence of thiouracil on tlie basal metabolism 
may no%v be substituted foi’ that of iodine in many patients as a diag- 
nostic px’ocedure. The chief objection to thiouracil for this purpose is 
that a much longer period of time is required for tlie maximum effect 
on the metabolism to appear (from thirty to tliirtA'-five daj's, com- 
pared nith from seven to ten daj’s for iodine). 

OTHER DISEASES IX WHICH THE BASAL AIET.VBOLISM IS ELEVATED 

Thyrotoxicosis is not the only cause of an increase in liasal metabolism. 
It may be elevated in the following conditions : 

1. Acromegaly 

2. Lympliatic and myelogenous leueemia. 

3. Essential hypertension 

4. Overdose of desiccated thyroid or thyroxine 

5. Administration of various drugs such as dinitrophenol, 
dinitro-ortho-eresol. diiodotbyronine, adrenalin, caffeine, 
atropine, camplior 

6. Exei'cise 

7. Ingestion of food 

8. Fever 

9. Pregnancy 

10. Cardiac decompensation 

11. Polyeytliemia vera 

12. Pernicious anemia 

Acromegahj . — In .some patients with acromegaly a syndrome resem- 
bling exophtlialmic goiter may be present with moderate e.xophthalmos, 
goiter, palpitation, tremor, increased perspiration, and a high basal 
metabolic I’ate. These symptoms are the result of oi'erproduetion of the 
thyrotropic factor by the anterior lobe of the pituitary. Indeed, over- 
production of this factor may be an imiiortant cause of tli.vrotoxicosis. 
When acromegaly is well developed, the diagnosis is easy. In the early 
stages of the disease before the skeletal changes have become clear-cut, 
it may be difficult to determine whether acromegaly is present or not. 
Accurate diagnosis is important because when thyrotoxicosis is asso- 
ciated with acromegaly, it is treated b.v attacking the pituitaiy and not 
the thyroid. It should be emphasized that in the thyrotoxicosis accom- 
panying acromegaly, a reduction in basal metabolism is noted duilng 
the administration of iodine, just as it is in thyrotoxicosis without 
acromegaly. 

The Lcueemias . — Increases in basal metabolism of as much as 70 per 
cent may be noted in patients with lymphatic and myelogenous leu- 
cemia. The inci-ease appears to be somewhat proportional to the in- 
cr-^ase in the white cell count and is reported to drop when the disease 
improves with voenteen-ray therapy. The clinical pictures in the leu- 
cemias are so different from those presented by thyrotoxicosis that thej* 
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rai-ely give rise lo problems in diagnosis, allliongli exoplithalmos, high 
pulse rate, and inci’cased sweating may he present. Tlicre are repoils 
of confusion in the literature. 

Essential Hupertrnsion . — In a fairly large percentage of patients with 
essential hypertension there is an increase in basal metabolism of as 
much as 30 per cent. Its cause is obscure. When associated with a 
goiter, it sometimes results in an incorrect diagnosis of thyrotoxicosis 
and leads to a thjToidectomy. It docs not disappear, however, following 
this operation. Observation of the intluenec of iodine and thiouracil 
on the basal metabolism in the.se patients is of great diagnostic value. 

Overdose of Dcsieeated Thyroid or of Thyrox-ine . — In a few obese 
patients a syndrome resembling thyrotoxicosis is observed following the 
ingestion of excessive amounts of desiccated thyroid or of thyroxine for 
purposes of weight reduction. Elevations in basal metabolism of as 
much as 50 per cent are sometimes observed. If the patient happens 
to have a goiter, the presence of loss of weight, tremor, increased perspi- 
i-ation, and palpitation may make the diagnosis difficult. In doubtful 
eases it is always wise to inquire about the ingestion of thyroid products. 
Symptoms disappear promptly following the omission of the drag. 

Administration of Various Drugs . — Increases in basal metabolism 
from the administration of various drugs do not present veiy much 
of a diagnostic problem. Great increases in metabolism may be pro- 
duced bj^ dinitrophenol and dinitro-oi*tho-eresol, which appear and dis- 
appear much more quickly following the administration and omission 
of these drugs than after the administration and omission of the thju’oid 
hormone. The clinical picture produced by these two drugs is quite 
different from that produced by tliyrotoxicosis. For example, patients 
with myxedema remain myxedematous when the basal metabolism is 
raised from minus 40 per cent to normal by their administration. 
Diiodothyronine (thyroxine minus 2 atoms of iodine) produces an in- 
crease in basal metabolism which also appears and disappears more 
quickly following the administi-ation of the drug, than does that pro- 
duced by the thyroid hormone. This material is used onlj^ experi- 
mentally and therefore does not present a problem in diagnosis. Ad- 
renalin produces a moderate increase in basal metabolism which reaches 
its maximum in fifteen minutes and disappears in sixty minutes after 
administration of a single dose. Following a single dose of 10 mg. of 
thyroxine intravenously to an individual rvith a normal level of metab- 
olism, the maximum increase appears within two to three days and dis- 
appears within twenty days. In patients with myxedema, the maximum 
appears within three to ten days and disappeai's within seventy to 
ninety days. 0^el pi eduction of adrenalin may present a diagnostic 
problem in rare instances in which there is a tumor of the adrenal 
medulla. Other manifestations of the disease are different from those 
of thyrotoxicosis and tend to occur in paroxysms. Caffeine is reported 
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to cause an increase in basal metabolism of from 7 to 23 per cent in a 
dose of from 0.5 to 0.7 Gm. and atropine and campbor are reported to 
produce somewhat smaller increases. The minor effects of these drugs 
merely emphasize the necessity of carrjdng out basal metabolism de- 
terminations under basal conditions. 

iJrrercise.— There is a direct relationship between heat production in 
muscular exercise and the amount of energj’- expended in the muscular 
activity. There is a direct parallelism between the minute volume of the 
heart and the increase in basal metabolism. 

Ingestion of Food . — Slight increases in basal metabolism have been 
observed following the ingestion of various foodstuffs, particularly 
protein, which exerts a specific dynamic action gx’eater than that of 
carbohydrate or fat. Following the ingestion of very large quantities 
of protein and basal metabolism may rise as much as 20 per cent. 

Fever . — An increase in basal metabolism has been noted in patients 
with fever, which amounts approximately to 7 points for each degree 
Fahrenheit that the temperature is raised and 10 pomts for each de- 
gree centigi’ade. 

Pregnancy . — Increases in basal metabolism of as much as 25 per cent 
may be noted in the last three months of pregnancj". The increase has 
been commonly considered to be proportional to the combined surface 
area of the mother and child, although some of the increases are greater 
than could be accounted for in this manner. In rare instances, increases 
of as much as 40 per cent have been noted and seem to be explained 
only by some hormonal change involving increased production of thy- 
roxine, which in turn may be secondaiy to some pituitarj' disturbance. 
In patients with goiters, either before or after thyroidectomy, it is not 
always easy to be certain xvhen an increase in basal metabolism is en- 
tirely the result of the pregnancy and Avhen it is the result of some 
overactivity of the thyroid. A diagno.stic trial of iodine administration 
may be helpful. 

Cardiac Decompensation . — In patients with cardiac decompensation 
the basal metabolism may rise as much as 50 per cent above normal. 
Tliis increase rarely presents a diagnostic problem because it is unusual 
to carry out basal metabolism determinations in patients "with cardiac 
decompensation. 

Polycythemia Yera and Pernicious Anemia . — In polycythemia vera 
and pernicious anemia slight increases in basal metabolism have been 
reported but these diseases do not pi-esent diagnostic problems. 



THE HEART AND CIRCULATION IN PATIENTS 
WITH HYPERTHYROIDIS^I 

Robert W. Keeton, ]M.D., Chicago, Ile. 
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Illinois Itcsrarch and Educational Hospitals) 

T he problems encountered in tlie Irealment of the hcail in patients 
A\'ith liypertbyroidism can best be undci’stood by a stud}' of the 
effects of hypertliyroidisni on the pliysiologic behavior of tlic nomial 
circulation. It is clear that if the patient lias already acquired heart 
disease prior to the hyperthyroidism the pathologic changes vill be 
influenced by both 2 irocesses. In genei’al the changes in the physiology 
of the circulation can be attributed largely to overwork and undei'- 
nutrition. This discussion will be guided b.y this concept. 

RESPONSE OF THE CIRCULATION TO THE PRODUCTION OF EXTRA H&VT 

Peripheral Blood Plow . — The patient with hyperthyroidism has an 
increased energy expenditure and a corresponding heat production. 
The heat is liberated within the body, largely in the muscles, and is 
transported to the surface by the blood. The surface is a complex 
structure composed of three units which are function all}’’ integrated to 
regulate the loss of heat. The outer or papillaiy layer has immediately 
beneath it, capillaries through which the blood flows from the arteri- 
oles, and it is exposed to the temperature of the surrounding environ- 
ment. Beneath this is a subpapillary layer of capillary and venous 
plexuses. According to Wollheim^ this layer acts as a reservoir in 
which the blood becomes trapped and through which the blood moves 
from five to twenty-five times slower than in the adjacent end capil- 
laries of the sldn papillae. Attention has been drawn previously to 
this depot function of the skin by ]\Ieek and E}'ster.^ The blood thus 
TOthdra^vn from the circulation may at times amount to 1,800 c.c. 
Finally there is the subcutaneous layer, which contains variable 
amounts of fat and a plexus of larger vessels. The quantity of fat and 
fluid present in this layer modifies its character and changes its capa- 
city for the transfer of heat.® 

As the blood circulates thi’ough this surface layer its temperature 
is reduced and approximates that of the surface of the skin. The rectal 
temperature measures the temperature of the blood at the sites of 
heat formation and at its entrance to the surface. The difference be- 
tween the skin and rectal temperatures gives the gradient of heat 
flow. If the rectal temperature does not change, then all the heat 
produced is being eliminated. Knowing the amount of heat produced 
in a u nit’s time (basal metabolic rate), the specific heat of the blood, 
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and the difference between tlie skin and rectal temperatures, the quan- 
itj' of blood required to deliver this amount of heat to the suifface 
can be computed. This quantity of blood represents the peripheral 
blood flow. If the peripheral layer is exposed to a cool envii’onmeut, 
loss of heat by i-adiation oceui's readily, the sldn tempei'ature is de- 
creased, the gradient of heat flow is increased, and a smaller Iflood 
flow will be required. If tlie environment is warm but relatively dry, 
then the insensible perspiration is easily vaporized, the surface is 
cooled, the gradient is maintained, and the blood flow is reduced. Un- 
der hot moist environments (tropical conditions), the surface cannot 
be cooled, the gradient nflll be reduced, and the blood flow nflU be in- 
creased to a maximum. Unless the heat produced in a unit’s lime can 
be transported to the surface and eliminated in the same unit of time, 
it null be stored in the body and its storage will be reflected in the 
rise of the rectal temperatiu’e. Increase in rectal tempei’ature is as- 
sociated vdth an increase in heat production of 7 per cent for every 
degree rise (P.) in tem])erature. Thus storage of heat leads to the 
development of a rfeious cycle. Keeton and co-workers'* using this 
method have reported that normal subjects exposed to hot moist en- 
vironments may increase their peiipheral blood flow as much as seven 
times as compared to the blood flow under comfortable conditions. 
Under such an increased blood flow there was no storage of heat and 
no increase in heat production. Stewai't and Evans'* using similar 
methods have studied the peripheral blood flow in patients noth hj'per- 
thjToidism who wei’e exposed to an average environmental tempera- 
ture. They found that the periphei’al blood flow bears a Linear rela- 
tionship to the Ijasal metabolic rate, and concluded that this inci’ease 
in blood flow was correlated with heat disposal. The clinical signs of 
maximal vasodilatation seen in hyperthyroid states are familiar to all. 
They consist of the warm, moist, flushed skin, capillary pulsation, and 
low diastolic blood pressure. 

Increase in Blood Yohime.—lt the blood flow through the periphery 
is increased from three to seven times it is obvious that the exti'a 
blood must be obtained by either slnuiting it from tlie interior (vi- 
scera, lungs, muscles) to the sui’face or by increasing the circulating 
volume. Keeton and associates® have shown in conditions whei’e thei'e 
is an embarrassment in heat elimination una.ssociated with an inci’ease 
in heat jn’oduction the circulating blood voliune is not regularl 3 ’' in- 
creased. The blooil is obtained bj* shunting it fi'om the interior. 
The extra blood is obtained from the reseiwe depots, the subpapillaiy 
laj’er of skin, sr.ieen, I'ver, and lungs. The conversion of a slowLv 
moving stream of blc ‘d nonnally present in the subpapillaiy la.yer 
to a rapidlj' moving cue. and the establislmient of a free access of the 
circulating blood volume to this periphei’al layer seiwes the double 
purpose of giving a larger volume of blood for the convection of the 
heat and a more advantageous disposition of the blood for heat loss. 
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111 hyperthyroidism with its extra heat production, tlic ])criplieral 
hlood flow is maintained not only hy shuniin" hlood from the interior 
but. also by an actual increase in blood volume.' 

Acceleration of Blood Flow . — In the normal subject at work, extra 
heat is produced. The heart responds by increasiner its rate and its 
output per minute. This adjustment may be explained, in pai'l, as 
secondary to the increased filling of the heart and the increa.sed circu- 
lating volume. In hyperthyroidism the increase in cardiac output 
is greater at the same oxygen consumption than it is in work. This 
suggests that the heart in liyperthyroidism is hyper-reactive and that 
there are other fact ore than the demand for the transport of extra 
heat operative. This view is supported by the report of various in- 
vestigators® who found that if a rabbit is i-endered hyperthyroid by 
thjT.’oid feeding and the licart is then removed, the isolated organ 
continues to beat at a rate much faster than the heart of a nomial 
control. This Anew is further supported by the clinical observation 
tliat in patients with good compensation tachycardias exist which are 
out of proportion to the increases in their basal metabolic rates. This 
acceleration of the circulation can be approximately measured by de- 
termining the circulation time (arm to tongue). Clinically this activ- 
ity of the circulation is revealed by a diffuse precordial pulsation, 
widespread pulsations of the arteries, loud abrupt apical heart tones, 
and increased pulse pressure. 

BEHAVIOR OF THE CIRCULATION IN ALVSOMOTOR INSTABILITY AVITH 
NORMAL HEAT PRODUCTION 

The circulatory adjustments of patients Avith vasomotor instability 
must be understood if eri'ors in diagnosis are to be avoided. These 
patients present bizari’e clinical pictures, and are classified variously 
by the examining physicians. One man Avill say that the patient is 
suffei’ing from somatic fixation, another Avill find that he has a cardiac 
neurosis or anxiety state, but all Avill Avonder AA^hether the patient may 
not have hyperthyroidism. It is quite helpful to think of these indi- 
viduals as suffering from vasomotor instability and to assume that 
there may be many causes for this instability. The differential diag- 
nosis hinges on the fact that although they may appear to be produc- 
ing extra heat, m reality they have a normal heat production. If one 
loolis for signs of increased peripheral blood floAV, they aauU be lack- 
ing. The skin may be flushed OA'er the face and neck, but it Avill not 
be rosy elscAAdiere. If the hand is held over the skin a sensation of 
AAmrmth Avill not be felt as in liyperthjmoid patients. The skin may 
be moist in places but it feels cold. Goldbloom® has shoAvn that in 
these patients neithei the blood volume nor the cardiac output is 
increased. The physiologic difficulty lies in the adjustment of heart 
action to the changing Amscular bed produced by reflex stimulation 
of A’aiious tAqjes. The patients often haA'e an iri’itable cartoid sinus. 
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Pressure over the sinus may not onlj”" slow the heart significantly but 
it may also inhibit inspiration. It is quite certain tliat there is a 
similar irritabilitj’' of the reflexes originating from the arcli of the 
aorta. These patients may have episodes of tachycardia precipitated 
by a change in their position from the horizontal to the vertical. They 
appear at times to be suffering from orthostatic hypotension. If one 
takes a circulation time during an episode of tachycardia it vdll be 
shoifened. If, however, this is repeated under basal conditions at 
the same time as the metabolic rate a uoi'mal circulation time will be 
obseiwed. 

One may also be misled by the increase in the metabolic rate (25 
to 35 per cent) when taken bj^ the oxygen consumption method. If 
the respirations of these subjects are observed, they will be found to 
be iiTegular, at times quite shallow, and at other times unusually 
deep and sighing in chai-aetei-. This can be seen best on examination 
of the spirometer tracings taken while tlie subject is breathing oxj'gen. 
In the protoeals of Goldbloom” it was noted that the respiratoiy quo- 
tients tended to be high. This w'oidd indicate that at times hjqjer- 
ventilation was occuriing. The patients often have a subcyanotic color 
to the fiiiger tips. Hick and associates^® have found in some cases a 
definitely low o.xygen saturation of the arterial blood. One can, there- 
fore, underetand that if a patient has a low oxygen saturation of 
hemoglobin, he would show an increased oxj'gen utilization when al- 
lowed to breathe oxygen. In this mamier a false positive increased 
metabolic rate would be obtained. 

The definitive diagnosis can usually be made by searching the pa- 
tient’s liistorj" for evidence of extra heat production, by studying the 
quantity of food eaten, the changes in his weight, and above all -by 
looking for psychoneurotic episodes and causes for social maladjust- 
ment. With such information in hand one can critically re-interpret 
laboratorj’’ data. If, on reviewing these, an elevated or high normal 
blood cholesterol was discovered, one would be qiiite loath to make a 
diagnosis of hjyerthyroidism. 

BEHAVIOB OF THE CmCXTLATIOX IN ESSENTIAL HYPERTENSION 

In essential hjqiertension there is no increase in heat production. 
The peripheral blood flow is not increased and the cardiac output is 
normal or low.^^ The eh’culation time also is within normal limits 
miless decompensation is present.^® Jlany patients develop anxiety 
states when they find that they have lyTiertension. Vasomotor insta- 
bility appears and the metabolic rate is often elevated. In such eases 
one again must resort to a critical clinical study of the patient, re- 
peated cii’culation times, and a study of the blood cholesterol values 
to amve at a correct diagnosis. It is of coui’se appreciated that pa- 
tients ivith hypertension commonly develop hj'perthj’Toidism. They 
Avill then show the diagnostic findings of hyperth 3 woidism. 
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I'ACTORS COXTRinUTING TO CIRCULATORY I'AILURE IN IIYPERTIIYROIDISM 

Inadequate NnirUion of the Heart . — The nia<>ni1iidc of the energy 
expenditure in a patient \vitli severe liypertliyroidism wlio has not re- 
ceived adequate treatment is not commonly appreciated. If we assume 
that a normal subject with a basal energy expenditure of 1,500 calo- 
ries develops liypertliyroidism with a metabolic I'ate of plus 75 per 
cent, his basal expenditure will be 2,625 calorics. If he leads a sed- 
entary life, his requirements will be basal plus 30 per cent (3,412 
calories). If he doe.s moderate work they will rise to basal plus 50 
per cent (3,937 calorics). Plummer and Boothby” have noted that 
the “cost of \vork“ is greater in hyperthyroid than normal patients. 
This is due not only to unnecessaiy movements but also to the greater 
than normal oxygen consumption required for a given task. The 
patient’s movements are excessive due to the tremor and he often 
spends a good portion of the night in extra activity tossing from one 
side of the bed to another. It is, therefore, safe to say that a patient 
vdth a hyperthyroidism of this severity attempting to work will have an 
energy expenditure nearer to 6,000 to 7,000 than 4,000 calories. If 
such a patient should be exposed to a spell of hot weather with a 
relatively high humidity then he would be crippled in eliminating 
heat. Some of it would be retained and this would cause a further in- 
crease in his energy expeiiditui*e. 

It is quite a problem for a man to eat 7,000 calories of food. In the 
first place, it cannot be secured in the ordinary diet -without definite 
planning to include large quantities of fat. Hence, the probability that 
the uninstructed individual would select this amount of food is small. 
Further, the fatigue and exhaustion from which he is suffering would 
reduce his appetite and increase the gastrointestinal irritability to 
preclude the possibility of his eating that quantity of food. Consequent- 
ly, the patient develops a sharp deficiency in his caloric intake, and 
a state of semistarvation is established. The inroads of starvation are 
grossly recognized by the disappearance in the fat stores, and the 
atrophy of the muscles. He develops a negative nitrogen balance and 
the urine is found to contain creatin. These findings indicate that a 
rapid destruction of muscle tissue is occurring. As soon as extra food 
is taken the creatin disappears and the negative nitrogen balance is 
converted into a positive one. The positive nitrogen balance will be 
maintained for a long time. This persistence of a postive nitroo-en 
balance following adequate caloric intake is also seen in the con-ral- 
escent period of many infectious diseases, notably typhoid fever and 
tuberculosis. The tachycardia in infectious diseases is unrelieved by 
drug therapy, but it is slowly relieved by rest and diets adequate in all 
respects. It would seem that a state of staiwation has a deleterious 
effect on the heart muscle. In accord vdth this conception is the reduc- 
tion in glycogen content of heart muscle occurring in experimental 
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hypertJiyroidism.^'* Cowgill and liis associates^® reported that the onset 
of sjTnptoms of B deficiency occurred more rapidly in dogs treated with 
thjToxin than in xintrealed ones. Since that time emdenee has rapidly 
aceumulated^® that the hyperthyroid patient requires more thiamine 
than the nonnal subject, that he ])robably is somewhat wasteful in his 
use of it, and that ils concentration in his liver is subnormal. The 
preoperative use of supplementary doses of thiamine in thyrotoxic 
patients is now a routine procedure in many clinics. Attention^' has 
been called to deficiencies of other members of the. B complex group 
in severely toxic hypertlijToid patients. That thiamine deficiency ma^'- 
be re.sponsible for anatomic changes in the heart muscle is indicated 
by studies in pigs. Follis, 2Iiller, "Wintrobe, and Stein’^ have shown 
that their thiamine-deficient pigs die a cardiac death. They had labored 
breathing and cyanosis Avhieh was aggravated by exercise. Autop.sy 
revealed edema of tlie lung.s. cai’diae dilatation, and focal necrosis in 
muscle fibers of the auricles and ventricles. In animals to which small 
amounts of thiamine were administered, vddespread scarring of the 
musculature was obsen-ed. 

CH.VXGE.S IK R.ITE .\XD RHYTH.AI 

Tachycardia . — It is well knoum that an apparently normal heart 
subjected to a bout of paro.xy.smal tacliycardia may develop failure as 
a I’esult of the acceleration. During such periods of acceleration the 
output may be dimini.shed as much as .3.3 per cent and at time.s the 
arteiaal pre,ssure falls. The filling of the ventricle is retarded hy 
the shoit diastole and by the contraction of the auricle while the "vunt- 
ricle is still insystole. The decrease in diastole and the drop in aortic 
pressure renders tlie coronaiy circulation le,ss efficient. Starling and 
Vi.ssehei““ using the heart-lung preparation have shown that accelera- 
tion in rate diminishes the mechanical efficiency of the heart. In Ip'- 
perthjuoidisni moderate increases in rate can be attributed to the in- 
creased blood volume and filling of the heart as described by Bain- 
bridge.-^ In the faster tachycardias there are other factors operative, 
which cannot be regarded as physiologic. These are tlie increased 
thjuoxin content of the heart muscle, and exhaustion. One can now 
appreciate the statistical reason for the poor prognosis in patients with 
excessively rapid heai’t rates. One should not indulge in optimism 
because of the absence of signs of failura. An elevated venous pre.s- 
sure is beneficial .since it facilitates the filling of the heart and increa.s- 
es the cardiac output. These rapid hearts with noimal venous pres- 
sures are quite ■v'ulnerable to acute failure. It is highly probable that 
.sudden ane.sthetie deaths occa.sionally seen in hA-perthyroid patients, 
who were apparently well compensated, are attributable to this mech- 
anism. 

Axiricular Fibrillation . — A bout of paroxysmal fibrillation has a defi- 
nite adveree effect on the heart. The cardiac output may be reduced as 
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inuelv as 25 to 30 per ceulr" due (o Ihc reduction in the blood contributed 
by the auricular systole. The venous pressure is normal and is unable 
to compensate for the auricular failure. The conductivity of the 
bundle of Ilis is unimpaired and so the ventricular rate tends to follow 
that of the ani-iclcs. The dia.stole .shortens, the heart muscle becomes 
fatigued, the coronary flow inadequate, and the pulse deficit gi'cater. 
Fortunately one has available in quinidine a drug effective in restor- 
ing normal rhythm. This di'ug .should be used promptly and given 
in doses sufficient to abolish the fibrillation. Conditions are somewhat 
different in patients with chronic fibrillation. They Jire frequently 
eomfortablc and may be oblivious of their cardiac irregularity. Their 
behavior is in sharp contrast to the uncomfortable and disturbed stale 
of the patient with a bout of paroxysmal fibrillation. In chronic fibril- 
lation there is usually eardiae decompensation of sufficient degree to 
elevate the venous pressure, which insures filling of the ventricles 
and compensates for the loss of auricular .systole. In the elderly pa- 
tient with arteriosclerosis there is already some impairment in con- 
ductivity of the bundle of His. The ventricular i-ate is correspond- 
ingly slowed and the pulse deficit is not so great. 

Auricidar Fhittcr . — The same situation prevails as in fibrillation. If 
the ventricles should follow the auricular rate a serious circulatory 
collapse would result because of the great reduction in cardiac output. 
Usually the refractoiy phase of the conducting tissues is longer than that 
of the auricle and tlms a heart block udth a 2 to 1, 3 to 1, or 4 fto 1 
rhythm is established. The redxxction in the ventricular rate enables 
the heart to function reasoxiably satisfactorily. The paroxysmal at- 
tacks of flutter which occur postoperatively are most disabling aixd 
shoxxld be treated as emergencies. 

It is mixch safer to treat flixtter with digitalis thaix qixinidine. Ade- 
qixate doses of digitalis shoxxld increase the auricixloveixtx'icxxlar block, 
slow the ventricle, and save the patient’s life. It may convert the 
flixtter into fibrillation by stimulatioxi of the vagus. This shortens the 
refx’actoxy period of the aixi-icular muscle, increases the transmission 
rate, and speeds up the revolutions of the circus wave, thus converting 
the flutter into filxrillation. When the dxnxg is stopped the fibrillation 
is often replaced by a normal x-hjqlxm. Theoretically, quinidine shoxxld 
convex't the flutter into normal x’hythm by retarding conduction xvitlxin 
the auricular muscle and increasing the refx'actory period. Practical- 
ly this action is by no means certain and dependence should not be 
placed in it in such a gx’ave emergeixcy. 

Heart Fafbtre.— Heart failure is a complication that can be ex- 
pected in patients with long-standing hyperthyroidism. When the sev- 
erity of the hyperthyroidism is increased, failure appears more rapidly. 
The onset is usually sloxv and iixsidious. The factoi’s leadin"" to failure 
are operative on both the right and left heart. The elini'eal picture 
is that of congestive failure with dependeixt edema, large liver, and 



662 


SURGERY 


lij'pei’thyroidisra.^^ Cowgill and his associates'^ reported that the onset 
of sjnnptoms of B deficiency ocenrrcd more rapidh' in dogs treated 'wfith 
thjToxiii than in untreated ones. Since tliat time evidence iias rapidlj^ 
accumulated^*^ tliat the hypertliAToid patient inquires more thiamine 
than the nomial subject, that he probably is somewhat wasteful in his 
use of it, and that its concentration in his liver is subnormal. The 
preoperative use of supplementary' doses of thiamine in thyrotoxic 
patients is now a i-outine procedure in many clinics. Attention’^' has 
been called to deficiencies of other members of the. B complex group 
in severely toxic hyperthjToid patients. That thiamine deficiency may 
be rnsponsible for anatomic clianges in tlie heart muscle is indicated 
by studies in pigs. Follis, ililler, AVintrobe, and Stein’® have shown 
that their thiamine-deficient pigs die a cardiac death. They had labored 
breathing and cyanosis which was aggravated by exercise. Autopsy 
revealed edema of the lungs, cardiac dilatation, and focal necro.sis in 
muscle fibers of the auricles and ventricles. In animals to which small 
amoimts of thiamuie were administered, wide.spread .scarring of the 
musculature was obseiwed. 

changes IX BATE AXD BHYTHAI 

Tachycardia . — It is well knoini tliat an apparently normal heart 
subjected to a bout of paroxysmal tachycardia may develop failure as 
a result of the acceleration. During such periods of acceleration the 
output may be diminished as much as 33 per cent and at times the 
arterial pressiu’e falls.’® The filling of the ventricle is I’efarded by 
the short diastole and by the contraction of the auricle while the vent- 
ricle is still insystole. The decrease in diastole and the drop in aortic 
pressure renders the coronaiy circulation less efficient. Starling and 
Visscher®® using the heart-lung proparation have shown that accelera- 
tion in rate diminishes the mechanical efficiency of the heart. In liy- 
pez’thj'i’oidism moderate increases in rate can be attributed to the in- 
creased blood volume and filling of the heart as described by Bain- 
bi’idge.®’ In the faster tachycardias there are other factors operative, 
which cannot be regarded as physiologic. These are the increased 
thymoxin content of the heart muscle, and exhaustion. One can now 
appreciate the statistical reason for the poor pi’ogiiosis in patients with 
excessively rapid heart rates. One sliould not indulge in optimism 
because of the absence of signs of failure. An elevated venous pres- 
sure is beneficial since it facilitates the filling of the heart and increas- 
es the cardiac output. These rapid hearts with normal venous pres- 
sures are quite vulneralile to acute failure. It is higlily probable that 
sudden anesthetic deaths occasionally seen in hyperthy-roid patients, 
who were apparently well compensated, are attributable to this mecli- 
anism. 

Auricular Fibrillation . — A bout of paroxysmal fibrillation has a defi- 
nite adverse effect on the heart. The cardiac output may be reduced as 



KEETON : 


HEART AND CIRCULATION WITH IIYPERTHyROIDISJI 665 


Oxygen should be used until the pidmonaiy engorgement is relieved. 
After 51 patient is well along toward comjiensation he enjoys being 
liberated from the oxygen. He will usually be quite comfortable in the 
day, but he wnll find difficulty in securing a night’s .sleep from which 
he' wakens refreshed. This is an indication for the continuation of 
ox 3 'gen during the night. Sedatives and opiates will be recpiired and 
should be given as needed. 

Digitalis should be used in therapeutic doses, when heart failure 
exists. If the failure is associated with chronic fibrillation it is still 
the drug of choice. If heart failure is pi-ccipitated by a bout of parox- 
3 'smal fibrillation, then quinidine should be given, bj' mouth or per 
rectum (when vomiting is present), at frequentl.y I’cpeated intervals 
until the normal rhythm is restored. If restoration of normal rhjdhm 
is dela 3 md b 3 ’’ decompensation, then digitalis should be given in ad- 
dition to the quinidine. 

The edema of the tissues often disappears slowl 3 ' under the best of 
treatment. Its increase is associated with an aggravation of the S 3 nnp- 
toms of d 3 ’’spnea. Its decrease brings a corresponding relief. In pa- 
tients wth long-standing hyperthyroidism one should consider that 
there is a defijiite nutritional basis for the edema even though the 
serum proteins ma 3 ^ be normal. The pi’otein in the diet should be in- 
creased. The patient should then be given intramuscularl 3 q on alter- 
nate da 3 's, 2 c.c. of liver extract (two units to 1 c.c.) and 50 mg. of 
thiamine chloride. Tlie thiamine stimulates the appetite and corrects 
the thiamine deficiency. The liver extract seems to assist in correct- 
ing other deficiencies. Ammonium chloride alone or combined -Nrith 
an inti’avenous injection of one of the mercurial diuretics (at four- 
day intervals) should be given, providing there is no increase in the 
nonprotein nitrogen in the blood. In giving the mercurial diuretic it 
is well to dilute it vdth 10 c.c. of water or 5 per cent glucose solution. 
This avoids troublesome attacks of thrombophlebitis. When there is 
a retention of nitrogen one must proceed more cautiously. The reten- 
tion of nitrogen may be due to passive congestion of the kidne 3 ^s and 
it ma 3 '' disappear ^vhen the circulation is improved. Wliile one is 
waiting for the oxygen, digitalis, and other measures to become effec- 
tive, ammonium chloride alone can be given a trial. If the results arc 
disappointing, then aminophyllin in 0.5 Gm. doses dail 3 ', dissolved in 
from 300 to 500 c.c. of 10 per cent glucose in distilled water, may be 
given slowly intravenously. The aminoph 3 dlin prevents the resorption 
of water by the tubules. However, its effect is not toxic and a dam- 
aged kidney does not become crippled further in its use as it does 
when a meieurial diuretic is administered. Aminoplyllin dissolved in 
h 3 ’'pei tonic glucose solution has a favorable effect on the pulmonar 3 ^ 
edema and the associated bronchospasm. Finall 3 % the administration 
of the di'ug in a dilute form prevents anno 3 -ing palpitation of the 
heart. 
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CRITERIA OF COiMPENSATIOiS’' 

Enumeration of a Few Objective Criteria' of Compensation. — TJie 
pliysical examination siioiild show the absence of signs of decompensa- 
tion. 

Hidden edema should be removed. If pi'esent in tlie lungs, it pre- 
disposes to atelectasis and bronchopneumonia. Since it is customary 
to have the patient out of bed prior to his operation, this will afford 
an opportunity for the fluid to accumulate in the feet. The sldii on 
the arms and other parts of the body feels thick when edema is pres- 
ent. In all cases the patient should be subjected to diuresis. This is 
done by weighing him daily over a period of time and collecting daily 
his specimens of urine. Dui'ing this period he can be given ammonium 
chloride and a mercurial diuretic. The amount of diuresis and the 
weight variations AviU readily reveal the presence or absence of edema. 

If the venous pressure is elevated one can be quite certain that the 
patient still has right heaid failure. If the venous pressure is normal 
then the right heart is competent. 

The arai-to-tongue circulation lime should not be prolonged exces- 
sively. However, the circulation through the pulmonary spaces may 
be slowed without actual stasis. Consequently, one should not insist 
that this value be a normal one. 

The final test of compensation is the mtal capacity. If this has a 
value of 70 per cent or more one can feel that there is no pulmonai’y, 
edema and that the expansion of the alveoli is not embarrassed. A 
vital capacity which is inadequate in a patient wlio otherwise appears 
in good condition can be improved by diuresis induced with ammo- 
nium chloride and a mercurial diuretic. If this is not effective a re- 
turn to oxygen at night for a few days will often prove beneficial. One 
would not wish to create the impression that a patient may not be 
operated upon who has a vital capacity below 70 per cent. Obviously, 
clinical judgment and other studies will dictate the proper course to 
be followed. 
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THE MEDICAL i\IANAGE]\IENT OP THYROTOXICOSIS 


David P. Barr, M.D., New York, N. Y, 

(From the Department of Hedicine, Cornell University Medical College and the 

Mew Yorh Hospital) 

I N RECENT years the control of tliyroloxicosis has been chiefly de- 
pendent upon three expedients: the use of iodine, exposure of the 
thyroid gland to x-ray, or surgical extirpation of a lai'ge part of the 
thjToid parenchyma. Although the approach has been diverse 
routes, the therapeutic aims of all methods have been similar and the 
differences in effect have been quantitative rather than qualitative. Suc- 
cess in each instance has depended upon a diminution in the amount of 
circulating thj'roid hormone with the expectation that thereby clinical 
manifestations of the disease would be minimized or removed. 

Improvement has been evaluated by a number of criteria. The most 
emphasized has been a reduction in the basal metabolic rate which should 
be accompanied by a gain in weight, a diminution in the tachycardia, a 
decrease in pulse pressure, and amelioration of the abnormally high cir- 
culation rate. It is usually assumed that these sjTnptoms are accompani- 
ments of, or compensations for, the increased oxidative rate. 

Improvement may also be evaluated bj^ change in signs which are not 
so obviously dependent upon the degree of metabolic activity. Among 
these should be included the tremor, sweating, irritabilitj'^, hjiierkinesis, 
and exophthalmos. There should also be correction of the tendency to 
loss of nitrogen, calcium, and phosphoms from the bodj'^ and an increase 
in the level of cholesterol in the plasma. 

The muscular weakness which is so characteristic of chronic thyro- 
toxicosis should become less emdent and with this benefit there should 
be an improvement in the spontaneous ci’eatinuria, the inability to store 
ingested ereatin and the abnormally high creatinin exci’etion ivhieh 
characterizes the disease. 

The abnormality in ereatin metabolism has been sufficiently constant 
to justify the use of spontaneous creatinuiaa and ereatin tolerance tests 
as diagnostic criteria in cases which offer difficulty in differentiation 
between hyperthj'roidism and psychoneurosis.* This has been especially 
useful since not infrequently the ereatin defect has been emdent when 
the basal is ivithin normal limits. The tests have also been helpful in 
studying patients wiioss symptoms have not been satisfactorily controlled 
by thyroidectomy. Here again the ereatin excretion may be excessive 
during periods when the basal metabolic x’ate is within the rather ivide 
limits of normal. 

Received for publication, July 10, 1944. 
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When the preceding criteria arc nscd in evaluating thcrapeusis by 
means of iodine, radiation, or surgery, the results are similar in that all 
of the agents tend to ameliorate all of the disturbed functions. Tlie 
mechanisms involved and the degree of benefit vary greatly. Appar- 
ently iodine exerts its influence by increasing the storage of active or- 
ganic iodine compounds. The optimal benefits arc temporary and alone 
seldom constitute a satisfactory means of control. Sui’gical operation 
accomplishes benefit by removing a large part of the mechanism which 
produces the hoi-monc. Considering the fact that the amoimt to be re- 
moved must be determined by guass, subtotal thyroidectomy has been, 
and is, a sui’prisingly satisfactoiy proecdui-c. Radiation is effective be- 
cause of injury to the structure of the gland or of a temporary diminu- 
tion in its fiuiction. While radiation has been in the past less helpful 
than surgery the possibilities of newer a]rplications in the form of radio- 
active iodine have not been sufficiently explored. Hertz and associates" 
and Hamilton^ have shown a selective action of radioactive iodine in 
hj’perplastie portions of thyrotoxic glands and, in a few cases, have 
obtained by its use encouraging therapeutic results. 

Another mechanism of reducing the production or delivery of thyroid 
hormone should be mentioned although it can not be feasibly employed 
in treating hyperthyroidism. The ablation, destruction, or loss of the 
anterior lobe of the pituitary removes the stimulus to functional thyroid 
activity. Results are a small thyroid gland in which the cells are 
atrophic and simultaneously a great redirction in the level of circulating 
thyroid hor-mone. In this state the thyroid gland is by no means de- 
stroyed and for at least a considerable period its function can be re- 
stored by appropriate stimulation with the thyrotropic hormone of the 
pituitary. 

Still another method by which the amount of thyroid hormone may 
be reduced has beerr shown by Means and others^ in the hj’perplasia of 
the thyroid gland and the paradoxical hypothyroidism which follows 
the administration of thiocyanate, and which is prevented by the ad- 
ministration of iodine. 

Of the expedients which have been available in the treatment of 
thyrotoxicosis, partial surgical ablation of the thyroid gland has offered 
most hope. With the best preparation and in the hands of excellent 
surgeons the operative risk has been diminished to less than 1 per cent 
with recurrence of clinical hyperthyroidism in only 10 to 15 per cent 
-of the patients operated upon. This remarkable record can be attributed 
only in part to increase in surgical skill. Better understanding of thyro- 
toxicosis and appropriate emphasis upon control of physical activity 
freedom from emotional strain, iodine, and adequate diet have contrib- 
uted significantly to successful management. While all of these factors 
are important in any phase of treatment they have been used more in 
preparation for operation than as ends in themselves. 
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COKTROL OF PHYSICAL ACTIVITY 

If partial thyroidectomy is contemplated, a. thyrotoxic patient should 
be under constant observation and preferably in a liospital for at least 
two weeks preceding the operation. Effective rest and relaxation are 
necessary in the treatment of hyperthyroidism, Tlie thoroughness with 
which thej' must be enforced, however, varies with the age and the gen- 
eral condition of the patient as well as with the degree of thyrotoxicosis. 
The young previously healthy individual has such large factors of safety 
that even hard work and the unmodified stress of life may cause no 
obvious distress. The effects of fatigue, however, are cumulative and 
strains which do not make their effect evident at once may cause later 
trouble. It should be the rule to .spare tlic hyperthyroid patient all 
unnecessary stress until his condition can be permanently remedied. 
While this is, to a certain extent, optional in the younger individual, 
it becomes obligatoiy in those whose hearts have lost, with the passage 
of the years, some of their initial reserve or in those in whom the de- 
gree of hyperthyroidism threatens the oeeurrence of a crisis. It applies 
to all thyrotoxic patients during infection or subsequent to psychic oi- 
phj'sical trauma. 

Appropriate relaxation is b.v no means easy of accomplishment. In 
many ambitious, restless, thyrotoxic patients complete inactivity is out 
of the question and attempts to enforce it in the solitude of darkened 
rooms, or in other I’espeets too literally, may be among the principal 
causes of failure in medical management. Recumbency is by no means 
essential. In the most severe cases, when strict bed rest is necessary, 
the bed should be adjusted frequently by the attendant so that the 
patient may assume the most comfortable position for each permitted 
actirtty. Even in the \mry ill, the avoidance of boredom is more im- 
portant than complete quiescence. Activities ma}' be prescribed accord- 
ing to the taste of the patient and may include short periods of read- 
ing, listening to the radio, visiting, or performing some of the simpler, 
easier tasks offered by occupational therapists. In prescribing activity, 
strict limits must be placed on the time allowed for each item and it 
must be emphasized that there is no obligation to complete any task. 

Periods of complete rest and relaxation should be frequent but need 
not be pi'olonged except in those whose hearts are seriously incompetent. 
In the less severe eases much more liberty is permissible as long as its 
effect can be accurately observed. Indeed, in the preoporative period 
the effect of walking on pulse, blood pressure, and respiration may 
offer a valuable indication as to the ability of the patient to withstand 
the strain of the operation. 


REASSURAXCE 

Too much emphasi.s cannot be placed on psychologic factors in the 
management of thyrotoxicosis. Patients are irritable, excitable, restle.ss, 
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and hyperkinetic but usually are astonishingly free from imaginary 
fears. On the other hand they are susceptilile to suggestion and arc 
influenced to an unusual degree by the mood of a physician. An at- 
titude of gloom or uncertainty may he disastrous while optimism and 
assurance often have dramatically beneficial effects. As soon as ac- 
quaint anceshij) has been established, the main characteristics of the 
disease may be detailed to the patient. Emphasis must be placed on 
curability but also on the fact that the complete recovery may require 
time and that arrangements must be made for a prolonged period of 
inactivity. Helpfulness concerning these arrangements goes far in 
reassuring the patient. Thyrotoxic individuals who show no undue anx- 
iety over their physical condition may become dangerously disturbed 
when they contemplate the consequences of illness on their financial 
security or on their dependents. While formal attempts at jisycho- 
therapy may be quite inadvisable during the preoperative period, an 
understanding of factors and problems which prevent relaxation is es- 
sential. Even when the causes of woriy can not be removed, a sympa- 
thetic and helpful attitude on the part of tlie physician exerts a signifi- 
cant therapeutic effect. 

In most cases the question of operation can be discussed quite fully. 
Emphasis should be laid upon the relatively slight risk of operation 
and the relatively high incidence of resultant permanent cure. It is 
also important to emphasize that operation ufill not be attempted if 
the risk is great. The operation can be represented as a goal which 
the patient may achieve if he can relax enough and can establish a 
satisfactory state of nutrition. 

CONTROL OF RESTLESSNESS 

Restlessness may interfere seriously with treatment during the pre- 
operative period. Its control will depend in large part upon I’eassurance, 
the prevention of boredom, and a thorough understanding of the pa- 
tients’ problems and attitudes. In some cases, however, restlessness and 
insomnia persist in spite of the most intelligent management. In such 
cases morning sponge baths at a temperatiu-e of about 80° F. and 
evening sponge baths at a temperature of from 90 to 95° F. may be 
helpful. For those who are less iU, an evening tub bath at a tempera- 
ture of from 98 to 100° F. may be prescribed as a means of combating 
sleeplessness. An ice bag over the heart and over the thyroid gland 
may be used as a measure of subjective relief in those who are made 
restless by palpitation. While thyrotoxic individuals are not often un- 
duly disturbed by sounds and lights, protection by isolation may be 
indicated for individual patients. 

When restlessness can not be controlled by such simple measures 
phenobarbital may be given in doses of from 15 to 30 mg. four times 
each day. If insomnia is a troublesome factor the night dose may be 
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increased to 60 or even to 90 mg. or a comparable dose of a shorter 
acting bai’bitnrate such as pentobarbital may be tried. Both pai'alde- 
hyde and chloral hydrate are at times useful as temporaiy substitutes 
for the barbiturates. Large doses of sedatives are seldom if ever in- 
dicated and may cause eonfusional states which are difficult to control 
and occasionally dangerous. 


DIET 

Undernutrition often pla}’’s an impoi’tant role in chronic thyrotoxi- 
cosis. With maximum relaxation a thyrotoxic patient with a basal 
metabolic rate of plus 60 is expending as much energy as a normal 
person would require to sweep a floor. This activity must be main- 
tained day and night and day after day. iMoreover, all muscular work 
is performed ineffieientlj'. Accurate observations have indicated that 
in performance of a given taslr thyrotoxic patients require approximately 
40 per cent more energy than a normal person.^ Eoughly the calorie 
requirement during bed rest in such a degree of thyrotoxicosis may be 
calculated to be at least tuuee normal. 

In hyperthyroidism there is alwaj’s a tendency to depletion of gly- 
cogen which is demonstrable in the liver and may be a significant factor 
in the heart muscle and other tissues. For this reason a high carbo- 
hydrate intake is advisable. Excessive amounts of fat, on the other 
hand, are undesirable because they tend to produce diarrhea. An allow- 
ance of 1 Gm. of protein per kilogram of body weight is usuall}' suf- 
ficient to prevent nitrogen loss if a sufficient calorie intake is maintained. 
Larger amounts may be regarded as somewhat undesirable because of 
the relatively high specific dynamic action of protein. 

All thyrotoxic patients tend to lose calcium and therefore to require 
more than the normal intake of lime salts. The obseiwations of Cowgill 
and Palmieri® have shoivn that the requirements of thiamine are pro- 
portional to the amount of food metabolized. This suggested at once 
that disturbances in thiamine metabolism might develop in thyrotoxi- 
cosis, and the work of Jleans and associates,^ and Williams and others® 
has demonstrated that the administration of thiamine is of distinct ad- 
vantage as an adjunct in the treatment of thyrotoxicosis. More re- 
cently, Drill and OvermaiF have shown that during experimental hyper- 
thyroidism an increased intake of pjaadoxine and pantothenic acid is re- 
quired in order to maintain normal nutrition. 

These factoi’s must be taken into account in prescinbing a diet dui’ing 
the preoperative period or at other times in the treatment of hyper- 
thjwoidism. For a small girl weighing 110 poimds, a diet containing 
carbohydrate 300 Gm., protein 50 Gm., and fat 275 Gm., ivould represent 
a satisfactory approximation at the beginning of treatment. This should 
include the use of one quart of milk each day and should be reinforced 
by the daily administration of from 10 to 20 mg. of thiamine hydro- 
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chloride and yeast or oilier vitamin supplements Avhicli will increase 
materially the usual intake o£ pyridoxine and pantothenic acid. Since 
the caloric needs of each patient can not be calculated exactly, daily 
weight must be used as the best indication of the sufficiency of any 
given diet. 

IODINE 

Appropriate use of iodine has saved the lives of thousands of thyi’o- 
toxic patients and since 1923*® has been regarded as essential in the 
preoperative treatment of Graves’ disease. Its beneficial effect depends 
upon the specific need of the thyrotoxic individual and when the need 
has been satisfied by increased intake the administration of larger 
amounts results in no perceptible added benefit. In thyrotoxic patients 
who have received no iodine other than that contained in a usual diet, 
the exhibition of the ding results in a characteristic and usually pre- 
dictable response. This may be discernible in twenty-four hours, ob- 
vious in three or four days, and maximum in ten to fourteen days. 
Eather di’amatic improvement in the clinical manifestations of Graves’ 
disease is accompanied by changes in the structure of the thyi’oid gland. 
Continued use of iodine may or may not be accompanied bj"- intensifica- 
tion of thyroid symptoms. Discontinuance of iodine on the other hand 
is followed by a gradual ascent of the basal metabolic rate to its previous 
level and by an increase in thyrotoxic symptoms to a severity which 
approximates that obtaining before iodine was given. About 3 per cent** 
of patients with Graves’ disease do not respond to iodine. 

The amount of iodine required to produce an optimal response is 
small and may vary between 6 and 15 mg. per day in different individ- 
uals with Graves’ disease.*® klany compounds containing iodine are 
IcnovTi to be effective and the response seems to be equally favorable 
from inhalations of ethyl iodide and from oral administration of diiodo- 
tyrosine, potassium iodide, hydriodic acid, or Lugol’s solution.** One 
cubic centimeter of syrup of hydriodic acid containing about 13 mg. 
of iodine, or 2 minims of Lugol’s solution containing approximately 18 
mg. of iodine should be all that is required for each day’s treatment. 

Ordinarily it is calculated that the optimum effect of iodine should 
develop in from ten to fourteen days following its first exhibition. This 
should not be taken too literally. It is the condition of the patient 
and not the interval that must determine the time of operation. 

USE OF DIGITALIS 

The state of the circulation during the preoperative period must be 
carefully observed. Tachycardia and moderate grades of cardiac in- 
competence are best controlled by rest and iodine. Digitalis is indicated 
whenever there is obvious congestive heart failure or in cases of auricular 
fibrillation with veiy rapid pulse rate or continued or large pulse deficit 
In such cases the ding should be started early in the preoperative 
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period in order that its benefits may be achieved and its possible toxic 
effects controlled before the time of operation. Statistical evidence 
indicates that the routine admini.st ration of large doses of digitalis is 
detrimental and actually increases tlie mortality fi’ora surgical proce- 
dures. Tachycardia with regular rliythm and without cardiac decom- 
pensation is never an indication for the use of digitalis. 

INDICATIONS AND CONTRAINDICATIONS FOR OPER.VTION 

After two weeks of controlled activity, psychotherapy, iodine admin- 
istration, and dietotherapy it is hoped that a patient will be in suf- 
ficiently good condition to justify subtotal thyroidectomy. Not all cases 
can be so managed. Certain contraindications should be mentioned. It 
has been noted that those who respond unsatisfactorily or not at all 
to iodine have a relatively high operative mortality. A rising metabolic 
rate after an initial favorable response should also be viewed with some 
apprehension. A basal metabolic rate higher than plus 40 is usually 
regarded as unfavorable although it must be emiihasized that basal I'ates 
are to be evaluated in relation to other clinical manifestations. Failure 
to maintain weight with or without vomiting or dian’hea during the 
preoperative period is to be regarded as an unfavorable sign and often 
a contraindication to immediate operation. The coincidence of infection 
of any sort, acute worry, grief, emotional storms, and psychoses increase 
the risk to such an extent that immediate operative procedures cannot be 
considered. Old age in itself is not a sutfieient reason for depriving a 
patient of the benefits of thyroidectomy but accompanying degenerative 
diseases may in many cases render any thyroid surgeiy somewhat fu- 
tile. Congestive heart failure Avhich has been uncorreeted by rest, 
iodine, and digitalis may preclude any immediate operation. In de- 
ciding about such eases, however, it must be remembered that thyi’oidec- 
tomy is often followed by almost complete recovery even from rather 
advanced failure. For this reason, repeated effort by all therapeutic 
methods should be made to attain temporary improvement which may 
permit operation. 

NONSURGICAL MANAGEMENT OF CHRONIC THYROTOX3CO.SIS 

Those fiatients who for one reason or another cannot be subjected 
to subtotal thyroidectomy must be treated by other methods. In the 
nonsurgieal management two faetox’s ai'C perhaps outstanding. The 
fix’s! is that the condition of thyi’otoxicosis xxndei’goes wide spontaneous 
fluctuations in severity with periods of remission and I’clajise which are 
more or less obviously influenced by emotional states and infections, as 
well as by the meixstrual cycle and pi'egnancy. The second is that the 
administratioix of an appropriate amoixnt of iodine modifies the extent 
of the fluctuations and usually px'events the sei’ious consequences of 
acute hyperthjToidism during I’elapse. These chai’acteristics indicate 
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the importance of protection from those factors Avliich may be pre- 
ventable, and the advisability of continuous use of such small amounts 
of iodine as are necessary to maintain an ojilimal state of the thyroid 
gland. 

With tlie best management, liowevcr, results liave not lieen vciy satis- 
factory. AVhile remissions witli periods of moderately good liealtli liave 
been common, cure in the sense of removing the tendency to relapse 
has been decidedly rare. ^Moreover, the continuance of even a moderate 
degree of hyperthyroidism iiroduees circulatory strain which, Avith ad- 
A'ancing years and diminishing cardiac rcserA’c, produces obvious thyro- 
toxic heart disease. In such eases the persistent cautious use of x-ray 
has resulted in much benefit and has proA'cd itself next to operation 
the most potent AA'eapon in the permanent control of the eondition.^^ 

THIOURACIL 

Although the results of surgery have been brilliant indeed and al- 
though the x-ray has been instrumental in the successful control of many 
cases, it is apparent that all of the present means of treating thyro- 
toxicosis leave much to be desired. None achieves the ultimate goal 
of a therapeutic agent Avhich Avithout mutilation, destruction, or dis- 
tui’bance of function of other organs can check the production or iire- 
vent the delivery of exeessh^e amounts of thju’oid liormone. 

Interest in the possibility of finding a more ideal agent Avas stimu- 
lated by the discovery of the klcKenzies and IMcCollum^'* that prolonged 
administration of sulfaguanidine produced hyperplasia of the thyroid 
gland Avhich, like thiocyanate, decreased the basal metabolic rate to 
levels approaching myxedema. Unlike thiocyanate, the effect could 
not be prevented by iodine. On the other hand its action might be 
obviated by giving thyroxin. The AAmrk of the McKenzies Avas extended 
by Richter and Clisby*“ and bj^ Kennedy’® to shoAv that an effect similar 
to that of sulfaguanidine could be produced by compounds containing 
the thioureylene radical and particularly’- by thiourea and its derivatives. 
Extensive studies by AstAvood” AA’ith over 100 related compounds re- 
vealed that the most marked effects could be obtained A\dth thiouracil. 
In animals Astwood Avas able to shoAV that glands subjected to pro- 
longed administration of thiourea and its derivatives became enlarged 
Avith follicles irregular in shape, containing scant colloid and lined by 
columnar cells Avith large nuclei and numerous mitoses.’® The admin- 
istration Avas folloAved after a short interAul by a loAvering of the basal 
oxygen consumption, a decrease in groAvth, and a diminished food intake. 
The obvious question Avhether these substances Avould liaA’e an effect in 
human thyrotoxicosis Avas approached by AstAAUod and by Williams and 
Bissell. 

AstAvood’® treated tAVO patients, one of Avhom received thiourea and 
the other thiouracil. In both there Avas a fall in metabolic rate and 
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an increase in body weight. The more extensive studies of Williams 
and Bissell-® concerned nine jDatients who were treated with thiouraeil. 
All had had typical manifestations of thyrotoxicosis over periods from 
six months to twenty-two yeai’s. In most instances the thyroid glands 
were enlarged. Initial basal metabolic rates ranged from plus 36 to 
plus 88. In all cases the basal had returned to normal with an average 
of plus 1 for the group within from three to seven weeks following 
institution of treatment. In four weeks there was a decrease in the 
protein-bound iodine of the plasma to normal or below. Williams 
showed also that administration of thiouraeil did not interfere with the 
predicted effect of 1.5 Gm, of desiccated thyroid in two cases of myx- 
edema. His observations confirmed animal experiments which indicated 
that thiouraeil does not interfere with the action of preformed thyroxin. 

These preliminarj* obseiwations .showed the remarkable effect of thio- 
uracil on the basal metabolic rate. From both theoretical and prac- 
tical standpoints it was of great interest to inquire whether the fall in 
oxidative rate was accompanied by the changes which are ordinarib' 
emplo 3 'ed as criteria for good therapeutic results from iodine, radiation, 
or surgical treatment. The question was pertinent since it is well 
known that the variations in basal metabolic rate encountered in fever, 
in leucemia, in Addison’s and Frohlieh’s diseases, and in dinitroplienol 
poisoning are not necessarilj^ accompanied bj" other metabolic and cir- 
culatory changes which characterize variations in activity of the thyroid 
gland. It would not be impossible that the effect of thiouraeil on oxida- 
tive rate might be accomplished bj’" some mechanism other than bj’^ 
diminishing the amount of circulating thj’roid hormone. 

Observations made bj^ Sloan and Shorr"^ demonstrated that tliiouracil 
irroduces changes in circulation rate, pulse rate, blood pressure, calcium 
and nitrogen balance, creatin metabolism, and cholesterol levels which 
were qualitativelj’' identical with those achieved by the successful use 
of iodine, x-raj% or thju’oidectomj’^. The effects of the drug are phj^sio- 
logic in the sense that it tends to cori'cct those functions which are 
disturbed or exaggerated in thyrotoxicosis. 

The effects of thiouraeil are now being studied in many clinics. It 
has been found in the great majority’' of cases of Graves’ disease that 
freedom from thjTotoxic symptoms maj' be attained by a few weeks 
of intensive treatment with thiouraeil and that essentially normal con- 
ditions may be maintained indefinitelj’’ by administration of small 
amounts of the drug. It has also been shown in a few cases by Ast- 
wood^^ that withdrawal of the drug after six to nine months of treat- 
ment does not result in recurrence of thju’otoxieosis. Unfortunately, 
it has also been found that thiouraeil po.ssesses toxic properties. 
Granulocytopenia, early noted by Astwood,^® has resulted in several 
deaths, one of which has been reported.^® Use of the drug has also 
been followed not infrequently by eruptions® and by periods of pj-rexia.®'* 
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It is too early to predict ■whether thiouracil can he employed safely 
in the routine management of thyrotoxicosis. Present evidence is not 
sufficient to exclude possilile hidden toxic reactions which might re- 
sult from its continued use. At the moment its emiilojnnent should 
be restricted to cautious administration in well-selected cases under 
constant observation. It may not be too much to hope, however, that 
there Avill be found closely related drugs which possess its favorable 
actions without its toxic side effects. 

SUMMARY 

IMedical treatment of thyrotoxicosis has found its rationale in our 
present concepts of its nature. It is based first on the understanding 
that the disease is aggravated by infections, by physical and emotional 
stress, and by such variations in function of the endocrine system as 
occur at the time of puberty and during menstruation and pregnancy; 
second, on the observation that relapses may be modified or minimized 
by the administration of relatively small amounts of iodine. Adequate 
diet, reassurance, control of activity and of restlessness, protection 
against infections and against physical and psychologic trauma, and 
the feeding of small amounts of iodine have constituted the mainstays 
of medical treatment. These expedients have been used chieflj’’ as a 
preparation for surgery or when this has been impossible as ancillary 
to cautious, persistent application of x-rays. When used by themselves 
they have not been successful in curing or controlling effectively many 
cases of thyrotoxicosis. 

The recent introduction of thiouracil offers ncAv hope of more effec- 
tive medical control and suggests the possibility that the use of thiouracil 
or related compounds may permit nonsurgical treatment in a large num- 
ber of thyrotoxic patients. 
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an increase in body weight. The more extensive studies of Williams 
and Bissell"® concerned nine patients who were treated with thiouraeil. 
All had had typical manife.stations of thyi'otoxicosis over periods from 
six months to twenty-two yeai-s. In most instances the thyroid glands 
were enlarged. Initial basal metabolic rates ranged from plus 36 to 
plus 88. In all cases the basal had returned to normal with an average 
of plus 1 for the group within from three to seven weeks following 
institution of treatment. In four weelcs there was a decrease in the 
protein-bound iodine of the plasma to noimal or below. Williams 
showed also that administration of thiouraeil did not interfere with the 
predicted effect of 1.5 Gm. of desiccated tliyroid in two cases of mj'X- 
edema. His observations confirmed animal experiments which indicated 
that thiouraeil does not interfere Avitli tlie action of pi’cformed thyroxin. 

These preliminaiy observations shoAvcd tlie remarkable effect of tliio- 
uracil on the basal metabolic rate. From botli tlieoretieal and prac- 
tical standpoints it was of great into’est to inquire whether the fall in 
oxidative rate was accompanied by the ehanges which are ordinarity 
employed as criteria for good therapeutic results from iodine, radiation, 
or surgical treatment. The question was pertinent since it is well 
kno-wn that the variations in basal metabolic rate encountered in fever, 
in leucemia, in Addison’s and Pi’ohlich’s diseases, and in dinitrophenol 
poisoning are not necessarily accompanied by other metabolic and cir- 
culatorj" changes which characterize variations in activity of the thyroid 
gland. It would not be impossible that the effect of thiouraeil on oxida- 
tive rate might be aceompli.shed by some mechanism other than hy 
diminishing the amount of cii'culating thyroid hormone. 

Observations made by Sloan and Shorr-^ demonstrated that thiouraeil 
produces changes in circulation rate, pulse rate, blood pressure, calcium 
and nitrogen balance, creatin metabolism, and cholesterol levels which 
were qualitatively identical uith those achieved by the successful use 
of iodine, x-ray. or thju’oideetomy. The effects of the di’ug are physio- 
logic in the sense that it tends to correct those functions which are 
disturbed or exaggerated in thyrotoxicosis. 

The effects of thiouraeil are noAv being studied in many clinics. It 
has been found in the great majority of cases of Graves’ disease that 
freedom from thju-otoxic sjnnptoms may be attained by a fcAV weeks 
of intensive treatment Avith thiouraeil and that essentially normal con- 
ditions may be maintained indefinitely by administration of small 
amounts of the drug. It has also been shoAvu in a fcAv cases by Ast- 
Avood"- that AA-ithdraAA-al of the drug after six to nine months of treat- 
ment does not result in recurrence of thyrotoxicosis. Unfortunately, 
it has also been found that thiouraeil possesses toxic properties. 
Granuloctyopenia, early noted by AstAvood,^® has resulted in seA'eral 
deaths, one of Avhich has been reported.®" Use of the drug has also 
been folloAved not infrequently by eruptions® and by periods of pyrexia.®^ 
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T hebe have been extensive clinical li’ials of a variety of sub- 
stances v'ith the aim of controlling slates caused by ovcraclivity 
of the thyroid gland.^ These have been concerned mainly with at- 
tempts to inactivate or to neidralize the circulating tliyroid hormone 
or to suppress its production in the thyroid gland. Tlie proposed 
agents have been classed as “antithyroid substances,” altbough there 
was often no clear statejinent of the mechanism bj' which they were 
thought to act. One of the first such substances to receive considerable 
’attention was called “antithyroidin,” a preparation made from the 
serum of thyroidectomized animals. Other agents have included vari- 
ous extracts of liumaii and animal blood and tissues, of the serum or 
urine of animals which had been treated for long periods with various 
thyroid hormone preparations, and of the urine of patients with various 
diseases. A miscellaneous group of organic compounds such as vari- 
ous fats, sugars, and vitamins have also been proposed as having thera- 
peutic value in hyperthyroidism. Among the many inorganic com- 
pounds such as salts of the heavy metals and lialogens which have been 
explored, iodine remains as the most Avidely used therapeutic agent for 
thyrotoxicosis. None of the other substances has come into general 
use for, in most cases at least, there Avas little sound rationale for their 
introduction as therapeutic agents. 

GOITROGENIC AGENTS 

The recent development of chemical compounds effective in inhibit- 
ing the sjmthesis of thyroid hormone dates from studies on the mechan- 
ism of action of various goitrogenic agents. 

Although it had long been knoA\m that various substances Avould 
cause thyroid enlargement in animals, the mechanisms involved Avere 
not exhaustively investigated. In many instances it AA’as established that 
the goitrogenic action in question could be prevented by iodine, and the 
vicAv became current that most of the so-called goitrogenic effects op- 
erated through a deficiency in iodine. 

Eeeently there Avere reported from three laboratories, almost simul- 
taneously, ncAv types of goitrogenic agents. Mackenzie, Mackenzie, and 
McCollum- found that sulfa guanidine Avhen fed to rats for short peri- 
ods of time induced a marked enlargement and hyperplasia of the 
thyroid gland, an effect that was not inhibited by iodine. Kichter and 
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Clisljy® showed that phenylthioiirea was goitrogenic and Kennedy, 
Purves, and Grieshach’’ deseidbed in detail the goitrogenic action of 
rape seed — an effect which Kennedy^ later attributed to allyl thiourea, 
a possible constituent of rape seed. Detailed studies on the mechanism 
by which sulfonamides and thiourea induce tlnwoid enlai’gement led 
to the concept that the goiter is compensatory in nature and tliat the 
primaiy action of such compounds is the inhiijition of thyroid hor- 
mone sjuthesis.*'’’' This finding suggested that compounds related to 
the sulfonamides or thiourea might be useful therapeutic agents and 
consequently the activity of a large number of such compounds was 
explored. 

It was found that the coumpounds tested could be divided into three 
classes: thiourea derivatives, those containing an aminobenzene group- 
ing, and the thiocyanates.® The thioureas on the whole were the most 
active and among these thiouraeil had the highest activity. The ami- 
nobenzene derivatives included the common sulfonamides of which 
sulfadiazine was the most active. The thiocyanates were distinct from" 
the other two classes in requiiing a diet low in iodine ; the goitrogenic 
action was completely inhibited by added iodide. Furthermore Raw- 
son, Tannheimer, and Peacock® have shown that the thiocyanate goiter 
readily takes tip radioactive iodine while the enlarged glands resulting 
from, thiouraeil administration do not. The only difference thus far 
found between the first two groups is one of species difference. The 
aminobenzene derivatives are without effect when administered to 
chicks,®’'® whereas various thiourea derivatives are highly effective in 
this species.'®’" 

On the basis of these observations some of the early Avork on goitro- 
gens may offer an explanation. Thus, it is tempting to si)eculate that 
the goiter produced in rabbits from the feeding of cabbage described 
bj" Chesney, ClaAA'son, and Webster,’® and bj’’ IMarine and Baiunann,'® 
as it was completely prevented by iodide,'^ may have resulted from 
thiocyanates present in the cabbage acting in the presence of a diet 
AA’^hich must have been very Ioav in iodine. 

Similarly, Purves'® has recently shown that the goiter produced in 
rats by feeding rape seed is partially but not completely inhibited by 
iodide. This may indicate that there are tA\’o types of goitrogens pres- 
ent in rape seed, one a tliioeyanate inhibited by iodine and the other 
a thiourea deiWative not inhibited. The finding of Marine and a.s.so- 
ciates'® that the goiter induced by acetonitrile in rabbits is completely 
inhiliited by iodine might noAv be interpreted in a similar AA’ay. Cj’a- 
nide is knoAvn to be converted to thiocyanate in the body as a means 
of detoxication and it may have been the thiocyanate fonned Avhich 
was responsible for tlie effect upon the thyroid gland. 

In any case it is apparent that the action of ej'anides and thiocya- 
nates is inconstant mid, being dependent upon Ioav levels of iodine in- 
take, is difficult to control. Studies on goitrogens are thus more readi- 
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ly peilormed on Ihe aniinolicnzcnc clevivalives or on compovincls re- 
lated to thiourea, prel'eralily tiie hitler, wliich do not appear to suffer 
the disadvantage ot luarhcd species differences. 

TRKATllENT OK THYROTOXICOSIS 

Thiourea . — In view of the finding in animals that tlie formation of 
thyroid hormone is inhibited by relatively nontoxic compounds it 
seemed of interest and imiiortance to determine whether the excessive 
production of hormone in human thyrotoxicosis could be checked b^^ 
the administration of one of these agents. 

The first compound to be tested clinically was thiourea, a compound 
which appeared to be particularly nontoxic in animals. During the 
early part of 1942 several normal and two hyperthyroid individuals 
were given from 1 to 2 Gm. doses of this compound for several days. 
No toxic effects were noted and there was no immediate change in the 
metabolic rate. "When treatment was continued for several weeks, 
improvement of thyrotoxic symptoms and a satisfactory response of 
the basal metabolic rate were observed.'" 

This effect of thiourea was confirmed and extended by the studies 
of Himsworth,'® who treated six patients ivith hyperthyroidism with 
good results. Thiourea was found to be unpleasant to some persons 
because of the aftertaste and because of the unpleasant odor that was 
imparted to the breath. Himsworth found that some of his patients 
experienced nausea and vomiting. In the first case referred to, treat- 
ment had to be discontinued beeause of the development of a skin 
rash. This complication is apparently quite common with thiourea 
as it has subsequently occurred in a number of patients treated with 
adequate doses. A recent note also records the occurrence of gi’anu- 
locytopenia and thrombocytopenia’® in a patient treated with thiourea. 
Although a number of investigators have studied the effects of thiou- 
rea in hyperthyroidism and will doubtless publish their results shortly, 
its activity appears to be too low and the incidence of a toxic reaction 
too high for it to be recommended as a useful drug. 

Thiouracil . — Shortly after the first successful trials with thiourea 
had been initiated, a study of the activity of a number of related 
compounds revealed that thiouracil was a more highly active sub- 
stance.® Most of the studies to date on the chemotherapy of thyro- 
toxicosis have been confined to this dnig, which on the basis of recent 
work appears to have an activity approximately ten times that of 
thiourea on a weight basis; molecule for molecule, thiouracil is thus 
seventeen times as active as thiourea. 

When thiouracil was tested in clinical hyperthyroidism its high ac- 
tivity was soon apparent. A total daily dose of from 0.2 to 0.6 Gm. 
was found to be effective in controlling the sjnnptoms of hyperthyroid- 
ism and in reducing the basal metabolic rate to normal.” In one case 
a dose of 2 Gm. ■ daily resulted in the production of a severe but not 
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er during treatment. However, accurate estimates of size in such 
eases are difficult and are complicated l)y changes in the consistency 
or firmness of the gland. Under thiouracil treatment the thyroid was 
noted to become softer, in fact in some cases this made it impossible 
to determine the borders and outline of the thyroid. In patients ndth 
initially small glands this factor would then give the erroneous im- 
pression of a decrease in size and in some cases the softness made the 
gland impalpable. Changes in size were more definite in those exHb- 
iting large diffuse goiter prior to therap}'. In most of these- there nvas 
an unciuestionable increase in size during the first few weeks of therapy 
and an increase in the signs of hj-peremia. Later on the gland slowly 
regressed and in some the thrill and bruit, previously veiy sti’ildng, 
entirely disappeared. In two cases the addition of a small dose of 
iodine to the tliiouracil ti'catment seemed to be responsible for a sudden 
cessation of the bruit and a decrease in the size of the glaiid. In these 
two instances the metabolic rale fell precipitously coincident Avith the 
giving of iodine, in one it fell from nonnal to a level of -25 per cent in 
the course of a few weeks although only a small maintenance dose of 
thiouracil was being given. 

The coui’se of the therapeutic response as just described has been 
found to be quite unifox-m in most cases of piimaiy hjTperthyroidism. 
Three patients vdth tjq^ical Gi’aves’ disease exhibited a greatly delayed 
response to thioiu'aeil and the only factor conuxxon to each was the piior 
administration of full doses of iodine. -Presumably iodine therapy 
lends to" cause the deposition of lai’ge stoi'es of thyroid Iioimone with- 
in tlie gland ; if the current concepts of the manner of action of thioxu'a- 
cil are correct, then those delayed responses become intelligible. As 
previously suggested,” the major portion of the stored hormone must 
become exliausted before an effect xipon the metabolic rate can be 
achieved. The action of the drug is to block the formation of new 
hormone and it is vdthout effect on the release or the activity of the 
honnone stored Avithin the thyi’oid gland. It has consequently been 
the recent practice to discontinue iodine, if it has been given, for 
«onie AA'eeks prior to starting thiouracil therapy. 

Long latent periods have also been noted in several instances of 
toxic nodular goiter and in these, as in the iodine-treated cases of 
Graves’ disease, there is presumabL’' a large amotuit of hoxmione-con- 
taining colloid within the gland, and presumably the same mecha- 
nism is operative in causing a delayed I'cspoixse. This factor is appar- 
ently also responsible for the fact that in persons A\dth normal glands 
a prolonged period of treatment is requii’cd before a fall in the meta- 
bolic rate ueenrs. In the nonnal indiA'idual there is a large store of 
hormone and the time required for the gland to become depleted is 
further extended by the fact that the rate of release of hormone is 
much sloAver tlxan in the case of the OA'eractive glands of hjTpertbjwoid 
individuals. 
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Rcmissio7i . — In the first, fen* treated jiatients tlierapy Avas Avilli- 
draAAai shortly after the metabolic rate had reached normal in order 
further to establish that, the observed effect Avas attrilmtahlo to the 
drug. It Avas apparent from the.se tests that all the manifestations 
of the disease returned promiitly Avhen the treatment Avas discontinued 
and that no lasting improA’cment could he obtained from short periods 
of medication. In subsequent cases the treatment Avas continued for 
an arbitraiy period of from six to eight months in dosages that main- 
tained a noi'mal or someAA'hat subnormal metabolic rate. During this 
period the patients remained free of symptoms and appeared normal 
in CA^ery Avay Avith the exceptions of continued eye signs and thyroid 
enlargement in some cases. At some time during this i)criod of treat- 
ment a spontaneous remission presumably occurs but as yet no means 
has been found to determine Avhen this takes place. Of the tAvelve 
patients aa’Iio have thus far completed such a course of therapy and 
from AAdiom the drug has been A\'ilhdraAA’n, nine have been under close 
obserA^ation for from tAA'o to six months. In each case the metabolic 
rate has remained nonnal, body Aveight has been maintained, and no 
sjTnptoms of hnAertlijn-oidism haA^e appeared.^® As the effect of the 
di'ug could be expected to subside A\nthin a feAV days after the last 
dose, it must be presumed that remissions occurred. Thus far there 
is no experimental basis for the assumption that the thiouracil was 
responsible for the remissions, and it is more reasonable to suppose 
that the drug merely controlled the disease and maintained a state of 
health AAdiich permitted a spontaneous and apjAarently complete re- 
covery to occur. 

DISCUSSION . 

There I’emains little doubt that thiouracil and related compounds 
can effectively and perhaps completely block the sjnithesis of thyroid 
hormone. Administered to hyperthyroid patients the Amlue of such 
drags as therapeutic agents can scarcely be questioned. Advantages 
over other forms of therapy include the avoidance of surgical opera- 
tion, the reproducible nature of the response, the lack of any evidence 
of the development of tolerance or refractiveness, and ease Avith Avhich 
the metabolic rate can be controlled at any desired level. 

The main disadA'antage of this form of therapy is the occuiTenee 
of toxic reactions in a certain small percentage of cases. The use of 
small doses and further investigations into the nature of the toxic 
effects may help to reduce the incidence or seA’erity of such reactions. 
As thiouracil is only one of a number of active compounds it seems 
quite likely that equally active substances AAdiich are pi’oductive of 
feAver reactions may be discovered. Until such ncAV drags are devel- 
oped there seems to be no cause to restrict the use of thiouracil in the 
treatment of thyrotoxicosis. Dangerous toxic reactions are apparently 
quite laie, the moie common reactions may be such that treatment 
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has to be disconlinucd but in such instances nothing has been lost. 
Tlie subsequent re.sponse to iodine remains unaffected and surgeiy can 
be performed wJien nece&sai-y uithout added danger. 

Anotlier drawback to this treatment involves its possible effect upon 
the size of the thyroid gland. Individuals with very large goiters 
may experience a further growth of the gland wliich could result in 
sjunptoms from pressure on adjoining structure.s. The current prac- 
tice of removing large goiters for cosmetic reasons or because of pres- 
sure symptoms and removing nodular goiters because of the possibility 
of neoplastic changes is probably sound. The possibility of using 
thiouracil as a means of preparing such cases for operation is being 
explored in a number of clinics. 


SUMMARY 

i\Iany substance.s have from time to time been j^roposed as remedies 
for hypei-thAToidism, but with the exception of iodine none has been 
generally accepted. 

A brief review of the origin of effective chemotherapeutic agents 
for thyrotoxicosis and a summaiy of some of the clinical data thus far 
available indicate that compounds .such as thiouracil are effective in 
the treatment of this disorder. Serious toxic reactions are rai’e and 
the ease with which the disease can be controlled recommends this 
foi’m of treatment. The frequency of spontaneous remission during 
therapy indicates that la-sting therapeutic effects may he anticipated. 
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FACTOES INFLUENCING OPERABILITY XND MORTALITY 

RATE IN GOITER, 


'W.VRKEX H. Cole, Chicago, III. 

{From ihe Departmmt of Surgery. VnivcrsHy of Illmois, College of Medicine, and 
the Illinois Jle.‘-careh and Educational Uospiial.) 

A S IN most other .surgical d5sease.s, the re.sull.s in the moilality rate 
folloinng operation for goiter have impi’oved considerably during 
the past one or two decades, but due to factoi's piimaiily not related 
to surgical technique. Surgical technique in tliAToidectomy itself has 
changed or inipi’oved but little during the past three or four decades. 
However, munerous improvements in preoperative preparation (for ex- 
ample, use of thiouraeil), choice of patients for opeiation, etc., have been 
made during this period, ilost of these improvements are related 
dii’cctly to a better imderstanding and fuller appreciation of physi- 
ologic pi'ineiples. Most of the phy.siologic principles are new. How- 
ever, some are old and very obvious; it is amazing that so little atten- 
tion has been paid to them during the years past. 

PREOPERATI\X PREP.lR.A'nOX 

Since the mortality rate of thjToidectomies in patients uith mildly 
toxic goiter is veiy low indeed, the adherence to strict principles in 
preoperative ti'eatment becomes much less important than it is in 
patients with severe toxicity. In other words, patients "with mildly 
toxic goiter may require veiy little preopeiutive pi’eparation. As vnll 
be diseu-ssed later, factors other than preoperative preparation must be 
considered seriously in patients with severely toxic goiter. 

Administration of Iodine or TJiionracil. — ^Unquestionably, the admin- 
istration of iodine or thiouraeil in the preparation of patients for oper- 
ation for toxic goiter is the greate.st .single factor in the maintenance of 
low mortality rate. The profe.ssion owes a debt of gratitude to Plum- 
mer for redi-scovering the influence of iodine in toxic goiter and to 
Astwood for the clinical demonstration of the beneficial effects of 
thiouraeil. 

The dose of iodine usually given is from o to 15 minims tlu’ee times 
daily, although a smaller dose is probably adequate. Doses larger than 
this are highly undesirable since nausea may be produced by an exce.ssive 
do.se of iodine. This would therefore defeat one of the primaiy purposes 
in the preparation of the patient, namely, to improve his nutrition. 
The greatest error in iodine therapy is continued use of the drug 
over a long period, that is. beyond preoperative preparation. The next 
greatest en’or lies in the assiunption held by many physicians that 
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niaximuin benefit of iodine tlierapy is attained between the tentli and 
fourteenth day. It is true that the average patient witli thyrotoxicosis 
achieves sufficient beneficial effect at the end of fourteen days to be a 
perfectly safe operative risk. However, in patients who are extremely 
toxic, the optimum slate of operability is practically never achieved 
within this period. In other words, the physician must maintain iodine 
therapy for many more days, realizing that improvement will stiU be 
achieved and that operations can be pei’formed much more safely at a 
later date. The author admits tlic possibility of the patient becoming 
iodine-fast but vishes to emphasize that this danger is not as important 
as many clinicians would lead one to believe. It should be emphasized 
that these remarks on the use of iodine now apply only to those few 
patients who are sensitive to thiouracil or do not respond to it. How- 
ever, some clinicians are using iodine and thiouracil together in pre- 
operative preparation of the patient, giving thiouracil for a few weeks 
before iodine therapy is started. 

The admmistration of thiouracil as introduced elinically by Astwood,^ 
and discussed elsewhere in this symposium, may eliminate most of the 
wori'y on the part of the clinician in treating patients with a severe grade 
of toxicity. Although the effect of thiouracil requires a longer period 
of treatment than noted m iodine therapy, the decrease in toxicitj’" is 
much more pronounced. In other ivords, the danger of a postoperative 
crisis and other complications arising from severe toxicity may be 
eliminated entirely ivith thiouracil. The fact that it requires a much 
longer time than iodine for its beneficial effect may prevent its routine 
adoption in patients with mildly toxic goiter. On the contrary, use 
of iodine in patients with severely toxic goiter may become obsolete 
except to supplement thiouracil. As discussed elsew'here in this sym- 
posium, continued use of thiouracil may result in permanent cure in 
many cases without the aid of operative therapy. 

Increased Caloric Intake . — Although the factors in the pathogenesis 
of toxicity in patients with thyrotoxicosis are poorly understood, it 
is nevertheless surprising wiiat little microscopic evidence of damage 
from excess production of thj^roxui or allied compounds is found. It is, 
of course, well Imown that the increase in output of thyroid hormone 
(or abnormal chemical related to it) is largely responsible for the 
tachycardia and cardiac damage. Nevertheless, a great portion of 
the manifestations and pathologic changes are related to the negative 
caloric balance, largely secondary to the increased metabolism. It is, 
thei ef 01 e, obvious that restoration of nutritional balance is exceedingly 
impoitant, paiticularly in preparation of the patient for operation. 
The importance of this disturbance can be appreciated more readily 
wdien we realize how much greater than normal is the metabolic activity 
in toxic goiter. The increase in the metabolic rate may be sufficient 
to bum more than tw'o or three times the amount of calories consumed 
by the average individual. It therefore becomes obvious that the cal- 
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orie intake must be increased aceordiiifrly before tlie patient can show 
an improvement in ids nutritional status. 

We place every patient with tJ)yroto.\ieo.sis of more tlian average 
degree on a diet of 5,000 calories i)cr day. jilen wlio are e.xtremely 
toxic vill frequently eat as much as 6,000 calorie.s per day. A.s a matter 
of fact, calorie intake .should be increased a.s long a.s the patiejit is 
capable of consuming additional food, Oeca.sionally, in these severely 
toxic patienks, admini.stration of even this much food will not produce 
an appreciable gain in veiglit. Under .such circumstances it may be 
wise to supplement the oral intake by intravenous glucose and amino 
acids {Elman"), at least over a period of a few days in order to achieve 
operabilitj-. The nece.ssity of supplementing oral intake with intra- 
venous solutions will be encountered mo.st dramatically in the patients 
who are admitted in crisis oi‘ j)recrisi.s state. However, very frequently 
certain patients (pai’tieularly women) will liave poor a])petites, and 
be unable to eat a sufficient quantity of food even though they are 
not toxic enough to be cla.ssificd as in a precrisis state. 

Conservution of Energy. — Since a patient Avith toxic goiter is bum- 
ing up food at a much greater rate than a normal individual, it be- 
comes obvious that energy’ must be eonseiwed at all jmssible points. 
ObA'iously the patient must be remoA’ed from manual labor or any ac- 
thity AA'hich requires undue mu.scular exertion. IIoAveA’er, he must not 
be confined to absolute bed re.st since that produces a seA'ere degree of 
muscle atrophy even Avithin a .short period of a foAv days. The patient 
.should, therefore, be allowed to be up and about, .so that he obtains 
sufficient exercise to prevent muscle ati'ophy. HoAvever, patients aa'Iio 
are in a state of cardiac decojnpensation, and ])atients Avho are in 
crises or impending crises, represent e.xceplions and must be confined 
to absolute bed rest until these states are corrected. 

Since sleep is so important in the conseiwation of energy, the pa- 
tient must be urged to spend eight or nine hours in bed at night and 
take an afternoon nap tAvo or three hours daily as part of the pi’e- 
operatiA’e treatment. Since one of the manifestations of th.ATotoxicosis 
is sleeplessne.ss, the patient \rith scA'crc toxicity Avill im’ai’iably need 
help in obtaining .sufficient .sleep. With few exceptions the routine 
administration of one of the less harmful sedatiA'es, sirch as pheno- 
barbital and allied compounds, aa-iU be indicated. It may be sufficient 
to limit the drug to a dose in the cA-ening on retiring, although there is 
no objection to giving the drug two or three times daily to patients 
who are severely toxic. 

Bednetion of Psijchk Trauma. — Unquestionably, excitement and Avor- 
ry increase the manife.stations of thyrotoxicosis and therefore should 
be reduced to an absolute minimum, particularly if the patient is al- 
ready to.xic. Sources of excitement and worry are. of coui'sc, innu- 
merable and include such faetoj-s a.s illne.ss in the family, too much 
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social activity, financial difficnltics. tainily incoiniiatiliility, and nni’uly 
cliildren. Under sncli circinnstanccs it will be necessary to remove the 
patient from family surroundiiifis and take him to the hosiiital. j\Iem- 
l)ci-s of the family should he instructed not to infonn the patient of 
family troubles or other difficulties which mi.nht increase worry. In 
the author's opinion, tlie severely toxic ])aticnt must he removed to a 
hospital for i)rco])erative jireparalion, hut the patient with mild tox- 
icity should he ambulatory durinii- ])reoi)erativc care. In our clinic, 
at least three-fourths of the ])atients are iirejiared for operation in 
tlie outpatient department and are brought into the hos])ital two or 
three days before operation, for coiitirmation of o])erahility. 

Treatmcnl of Complicoivui Di.wt.’ics . — It is, of course, essential that 
the patient he examined t lioroughly, so that no complicating diseases 
are overlooked. Diseases such as cardiac decompensation will, of 
course, he recognized at once since the ma.ior symptoms will he related 
to this condition. On the contrary, certain serious diseases, such as 
diabetes, may he discovered only upon thorough examination includ- 
ing- laboratory work. Studies made by Regan and Wilder^ revealed 
an incidence of diabetes in 1,7 per cent of patients u-ith to.xic diffuse 
goiter, which was identical to the incidence among all types of pa- 
tients applying at the I\layo Clinic for medical care. Plowever, in 
toxic nodulai’. goiter the incidence of dia))etes was much greater, being 
encountered in 5.6 per cent of the patients. 

Hepatic insufficiency (as empha.sized by Jlclver'' and othei-s) in 
a mild form is common ; now and then it is the primary cause of a 
postoperative death. Such conditions must he recognized and treated 
befoi’e operation. Some of these conditions are entirely unrelated to 
the thyrotoxicosis whereas others are secondary to thyrotoxicosis. De- 
tails of the treatment of these conditions are discussed elsewhere in 
this symposium. 

Miscellaneous Therapy . — In the author’s opinion x-ray treatment may 
he very beneficial in the preoperativc preparation in severely toxic pa- 
tients, hut is obviously indicated only in that small group of severely 
toxic patients who do not respond to thiouracil or iodine or both. There 
is no timth in the statements offered by some surgeons that x-ray treat- 
ment adds tremendously to operative difficulties. Very few, if any, adhe- 
sions are produced by x-ray therapy. It is true that the firmness of 
the gland may he increased hut this will usually be an advantage to 
the surgeon since friability frequently leads to an increase in hemor- 
rhage incident to the operation. True enough, the maximum effect of 
x-ray tlierapy may not he attained in less than four to six weeks. How- 
ever, except during the two or three days following treatment itself, 
there should he no deleterious effects from radiation of the gland. 

As an example of the value and danger of x-ray therapy, I would like 
to summarize briefly our experience (before thiouracil was available) with 
one of the most toxic patients we have had. This individual, a woman 
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about 30 years of age, entered the hospital in a precx'isis state and after 
weelvs of intensive therapy was still obviously inoperable. X-raj* therapy 
was decided upon and was instituted. A day or two following radiation, 
which was given over a period of a few days, she developed a severe 
increase in sjunptoms and was in a state of mild crisis. Dui’ing this 
period she became jaundiced, indicating an increase in hepatic in- 
sufficiency. For a time it appeared that the institution of radiation 
may have been an eiToi*. However, during the course of the next few 
weeks she showed gradual improvement and for the first time since ad- 
mission, many weeks previou.sly, began to show a gain in weight. For 
the five weeks following radiation .she improved to such an extent that 
she was considered operable according to the prerequisites described 
later. The patient was submitted to operation, consisting of removal 
of only one lobe. This was tolerated well and the second lobe was 
removed three or four weeks later. 

Curtis and associates'^ have demonstrated a negative calcium balance 
in hyperthjToidism, thereby illustrating the need for calcium therapy. 
In addition, it is agreed that eeidain mtamins, particularly Bi, 
are utilized in a more rapid rate in thjTotoxicosis. Administration of 
additional mtamin Bi, therefore, is indicated. 

Although eveiy surgeon probably has a scheme of his ovm for de- 
termining operability, everyone uill probably agree that the methods 
of determination of operability are quite ai’bitraiy and tlierefore sub- 
ject to many eiTors. The lack of specificity in outlining methods of 
detennining operability is brought to light more emphatically when 
one tries to explain to students how a decision regarding operabilitj' is 
arrived at. Under the circumstances it is obmous that if a system 
utilizing mathematical relationships could be adopted in this determin- 
ation of operability, the method would be more accurately utilizable 
by everyone, particularly the students. 

PREREQUISITES EOR BILATERAL THYROIDECTOMY 

It is because of the difficulty in explaining verbally the various 
physical characteristics required that we have adopted the following 
group of prerequisites for detennining operability. In other words, 
we require that the patient fit tlie prerequisites as listed, before he is 
acceptable for a bilateral tluToidectomy. As will be discussed later, 
if the patient’s condition does not meet the requirements listed here, 
even aftei’ many weeks of therapy, the operation should be done in 
two stages, removing one lobe at each operation. If the patient’s con- 
dition fails by a wide margin to meet prerequisites, even lobectomy 
may be unsafe. As stated previously, the use of thiouracil will elimi- 
nate most of this difficulty by eliminating the severe toxicity. How- 
ever. the occasional instance of sensitivity, or failure of re.sponse to the 
drug, will make it neeessai'v that we retain our knowledge of determi- 
nation of operability in the presence of severe toxicity. 
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1. Gain in IFc?!?/;/.— Williont queslioii llio most iinportant requisite 
for operability in the really toxic patient is gain in weight. At no 
time shontd the severely toxic patient he suhmiitcd to thyroidectomy 
ivhen he has failed to show a weight gain. A.s already stated, it is im- 
portant to start the severely toxic patient on a calorie intake equal to, 
or more than, 5,000 calories per day. It is not enough to tell the pa- 
tient to “eat a lot’’ since that is not sufficiently specific. If he is 
severely toxic he should be prepared in the hospital for operation. 
It is difficult in the home to be certain that the patient is getting the 
5,000 or 6,000 calorie diet necessary for him. There is no nile as to 
the exact amount of weight gain necessary. However, certain general 
premises can be established. For example, if the patient has lost 
thiihy or forty pounds and is obviously malnourished, ho will need to 
gain at least ten to twenty pounds before his physical condition is 
optimum. On the contrary, if he has lost only eight or ten pounds, 
a gain of two to four pounds may be adequate to assure the added cal- 
orie requirements with replenishment of the various food depots. 

Gain in strength is allied to a gain in weight and should be con- 
sidered in the prerequisites. Numerous methods of determining gain 
in strength are utilized by vai’ious clinicians. For example, some sur- 
geons feel that a patient should be strong enough to walk up a certain 
number of stairs before operation is considered safe. Others say that 
he should be able to walk from one to two blocks without luidue fatigue. 
Still others have less strenuous muscular feats, such as stepping up on 
a chair, or lifting weights, as prerequisites. The patient’s ability to 
hold his breath has been suggested as a mechanism for determining 
opei’ability. 

2. Resting Pulse Rate Should Re Relow 110 . — ^Except in the pres- 
ence of severe cardiac damage, pai-ticularly auricular fibrillation, the 
pulse rate will be a fairly good index of toxicity. Obviously, the pulse 
rate wiU. vary throughout the day, depending upon exercise, excite- 
ment, etc. We have adopted the principle that the resting pulse rate 
should be below 110. If a tachycardia of 130 or above develops with 
only slight excitement or exercise, it is considered that the patient’s 
toxicity is gTeater, and the cardiac reserve lower than other signs may 
indicate. 

3. Rasal Metabolic Rate Should Re Less Than 50 Per Cent Above 
Normal . — Although we appreciate tlie fact that the basal metabolic 
rate is subject to considerable error in determining the patient’s toxic- 
ity, we have nevertheless foiuid it of value when this information is 
added to the other available data. With few exceptions any patient udth 
a basal metabolic late of over 50 (after iodine or thiouracil therapy) 
is apt to have considerable reaction follouiug an operation. The met- 
abolic late before iodine therapy is of little consequence in determining 
the operability. 
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4. Response io Iodine or Thiouracil Tlierapij. — Very rarely indeed 
will a toxic patient fail to improve markedly under iodine tiierapy. 
Tliere should be a definite deei’ease in intensity of most of the s^unp- 
toms such as nervousness, excess .sweatinp:, slee])lessness, and weakness. 
Inclusion of this prerequisite is peidiaps of more value in establishins? 
the diagnosis in doubtful eases tliau it is in determining operability, 
largely because the other prerequisites mentioned are dependent upon 
a response to iodine or thiouracil. 

5. Ro Untreated Complications. — The necessity of effectively treat- 
ing cardiac decompensation, which is usually seeondaiy to the thyro- 
toxicosis, is well known and is discussed elsewhere in this symposium. 
The vital capacity should always be determined in patients with cardi- 
ac complications; a figure significantly below normal would suggest 
that the decompemsation was as yet inadequately treated. It must be 
emphasized that numerous complications unrelated to the thyroid dis- 
ease may be present. Dial3etes, local infections, etc., are representa- 
tive of unrelated di.sease whicli must be treated adequately before op- 
eration can be considered. 

FACTORS RE.SPOXSIBLE FOR IXCREARED MORTALITY RATE 

Before discussing the numerous factors which might be responsible 
for an increase in mortality rate. I would like to discuss tlie various 
causes of death in our sei'ies following thyroidectomy, and indicate 
the types of goiter in which such disasters might be expected. Obvious- 
ly, before the time of iodine or thiouracil therapy, development of crisis 
was the most common cause of posloperalivc death. Since the use of 
these drugs, crisis is becoming rare as the cause of death. In fact it 
might be said that death from crisis following thyroidectomy is inexcus- 
able, and in reality can be prevented ivith jiraetically no exceptions. 

In Table I, it will be noted that in a total of 936 th^’Toideetomies for 
toxic diffuse goiter, toxic nodular goitei’, and nontoxic nodular goiter, 
the overall mortality rate was 1.06 per cent. This does not compare 
too favoi’ably with a rate of 0.76 per cent in 19,700 thyroid operations 
reported by Lahey.*’ However, it should be added that the rate reported 
by Lahey represents aliout the lowest record for a large series. In 
Table I it will likeudse be noted that the mortality rate in the patients 
with toxic diffuse goiter i.s lower than in patients with nontoxic nod- 


Table I 

Types of Goitek axd AIortalitv, 1930 to 1944 
(Excluding Carcinoma and Woody TlijToiditis) 



TYPE 

Opf i;ATIO-VS 

DEATHS 

itORTAEITY 
(per CEXT) 


Toxic diffuse 

403 




Toxic nodular 

297 

5 

1.6 j 


Xontoxic nodular 

230 

o 

0.S5 



Total 

936 

10 

l.OC 
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ulav goiter. This in reality is not surprising, sinee we realize that 
patients having toxic diffuse goiter are relatively young and that pre])- 
aration is usually carefully carried out before oiieration is ]ierlorined. 
On the contrai’y, our patients with nontoxic nodular goiter are much 
older than those with toxic diffuse goiter; even though they are not 
affected with thyrotoxicosis, they still are subject to serious OT'ganic 
disease, particularly that related to the heart. 

Table II reveals that the two deaths encountered in nontoxie nodular 
goiter were caused by acute heart failure. With the exception of acute 
heart failure, there is surprisingly little duplication of causes of death 
in the entire list. For example, the five patients who died following 
thyroidectomy for toxic nodular goiter, died of a different complication, 
namel5% crisis, hemorrhage, gas gangrene of the buttocks, acute heart 
failure, and severe glucose reaction. 

It is true that the patient listed as having died following the severe 
glucose reaction might have survived if she had not had a toxic goiter, 
yet from the clinical findings, there is sufficient reason to believe that 
she Avould have survived quite satisfactorily if the severe glucose re- 
action had not developed. In other words, some of the causes listed 
are in reality contributory, but are considered to be the most important 
cause of death. In the entire group of ten deaths, it is obvious that 
at least four should be classified as preventable, namely, those due to 
hemorrhage, crisis, and glucose reaction. We, therefore, accept full 
responsibility for these fatalities, and in retrospect feel that we should 
have pi’evented them. 


Table H 

Causes or Death Dolloaving Thyroidectomy 


Toxic diffuse 


Toxic nodular 


Nontoxic nodular 




Tetany 

Crisis 

Acute Irepatic insufficiency 


5 


1 Crisis 
1 Hemoirhage 
1 Gas gangrene of buttock 
1 Acute heart failure 
1 Severe glucose reaction 

V 


2 2 Acute heart failure 


It is obvious then from the variety of the causes of death shotvn in 
our series, that loAvering the mortality rate may be difficult, except 
in the instances such as the four just mentioned. In spite of the 
great A'ariety of eanses of death, the author is eonAuneed that if the 
mortality rate folloAAdng operation is much above 1 per cent, insuffi- 
cient attention is being paid to certain prerequisites, or postoperatiA'c 
care is not Avhat it should be. 

Although in a consideration of mortality rates throughout the coun- 
try the relatiA'e incidence of the types of goiter encountered might lie 
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considered as playing a prominent role in the fatalities, I doubt that 
this factor plays a significant role. The patients in the series herein 
reported came from Chicago or environs, vhieh is in the center of 
one of the most prominent goiter belts in the United States. Yet the 
ratio of toxic diffuse to toxic nodular and nontoxic nodular goiter is 
almost identical to the ratio reported by Lahey® as being encountered 
in Boston, namely, 2 to 1 to 1, respeetivel 5 ^ In oxir experience, thy- 
roidectomy in patients udth toxic nodular goiter is associated with a 
much liigher mortality rate than in toxic diffuse goiter (see Table I). 
Our death rate was more than twice as high in toxic nodular goiter as in 
toxic diffuse goiter. I believe that this trend would be maintained in 
almost all localities although there might be an exception in a series 
composed lai'gely of private patients, since this group of patients xvith 
toxic nodular goiter would be much le.ss likely to ])ostpone treatment 
of the insidious manife.stations so typical of this type of goiter; the 
s\-mptoms of toxic diffuse goiter are so prominent that charity and 
private patient alike will eome early for treatment before serious or- 
ganic changes take place. 

1. Inadeqmic Preparaffoa. —Unquestionably the mo.st common fac- 
tor in inadequate preparation is failure on the part of the physician 
to supplj’’ enough food to produce a gain in weight and put the pa- 
tient on a positive caloric balance. 

2. Wrong Choice of Time for Operation . — ^It is well Iniown that the 
degree of toxicity fluctuates considerably in patients rvith toxic goi- 
ter. Therefore, in the treatment of severel 3 ' toxic patients it is usu- 
allj’' necessary to choose a time for operatioir Avlien the patient is in 
a so-called remission. During tliis time his manifestations may fit into 
the prerequisites previously outlined although it maj’’ require several 
weelvS of therapy before this state of operabilit.v can be achieved. It 
should be remembered that certain features in the daih’- life of the 
patient maA' actuallj' alter the opcrabilitj'. For example, if a patient 
is confronted Avith the ncAvs of the death of a member of his familjq 
he maj* immediately reA^rt from a state of operability to one of inopera- 
bilitA', and require several daj's of therapj’' before operabilitj^ is re- 
gained. 

3. Lack of Appriciufion of the Danger of Goniplications.~lt need 
not be emphasized that a patient aa'Iio has a complieatioir along Avith 
IvAqrei'thj'roidism aauII, of course, not be as good a risk as a patient 
AAuthout complications. The i*eport of Pemberton and Miller,^ who 
note that 81 per cent of tlieir deaths were in thjwoeardiac patients, 
illustrates this point very emphaticalhu It is obA'ious that in the 
group of patients Avith complications the prerequisites outlined must 
be met more complete^' than in other patients. 

4. Errors on the Operating Table. — ^Pailui’c to recognize signs of 
exeessiA'e toxicitj' is probabh’ the most common error made Avhile the 
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patient is on the operating talilc. Ordinarily the surgeon iias ample 
warning at this time of the ]n’esenee of severe toxicity. In the first 
place, the pulse rate during the ancstho.sia is an important indication 
of toxicity. Wo utilize the principle that if the pulse rate cannot 
he brought down under 140 with anesthesia, operation is so unsafe that 
the incision should not even be made; under .such circumstances it is 
advisable to send the patient, back for a few more days of treatment. 
Likewise, if after the removal of one lobe, the patient’s pulse starts 
to rise above 135 or 140, it is usually Avise to terminate the operation 
at this point. The use of an exco.ssivc amount of oxygen is likewise 
an indication of toxicity. If the ancstlietist informs the surgeon that 
it is extremely difficult to kce]i the ]iatient oxygenated under general 
anesthesia, it is safe to assume that the patient is probably more toxic 
than was originallj” considered. Utilizing the principle just discussed, 
Ave have sent many patients back from the operating room before mak- 
ing the incision, and in about, 5 per cent of the cases Ave do the oper- 
ation in stages, removing the right lobe at the first operation and the 
left lobe from three to six weelcs later. Too frequently the surgeon 
inflicts too great an operative load upon the patient. The author 
agrees AAdioleheartedly Avith Lahey,® Avho states that many of the deaths 
encountered are explained on the basis that tAvo much Avork has been 
done, namely, that tAvo lobes Avere remoAmd instead of one. It should 
be emphasized that if before operation the surgeon has airived at the 
decision to do the operation in tAvo stages, rarely is it safe to alloAv a 
smooth course on the operating table to change his decision to that of 
removal of both lobes. 

Errors in technique are of less importance in the mortality rate 
than are errors in judgment. HoAvever, if a bilateral recurrent nerve 
injury is sustained in a severely toxic patient, the excess load of an- 
oxia, tracheotomy, etc., may be sufficient to cause death. On certain 
occasions, sloAAmess in performance of the operation may be a most 
important contributoiy factor in the patient’s death. This would be 
true only in the patient AAffio is severely toxic. Although the author 
agrees that thyroidectomjr should be done Avith the utmost dispatch 
in seAmrely toxic patients, he AAmuld like to emphasize that efforts to 
hurry and shorten the operating time haA'e probably done more harm 
than good, except in emergency circumstances. In general, if a high 
mortality rate is secondary to inexperience on the part of the surgeon, 
failure to utilize proper judgment in preoperative care, choosing the 
proper time for operation, etc., aauII reflect much more directly on 
mortality rate than will poor operath'e technique. 

The choice of anesthesia may likewise reflect someAAdiat in the mor- 
tality rate. Perhaps the best example of this might be the use of 
cyclopropane in a patient Avith auricular fibrillation AAdio has consider- 
able myocardial damage. LikcAAdse the use of nitrous oxide in the 
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liands of a poor anesthetist miglit he dangerous in severely toxic ])a- 
tients, although we realize that experts can handle this agent very well. 

5. Insufficient Yigil in Postoperative Care . — ^Perhaps the most com- 
mon example of fatality I’esulting from failure to exercise proper post- 
operative care is failure to recognize and promptly treat postoperative 
hemorrhage and bilateral injury to the recurrent nerve. Insufficient 
fluid, too little or too much sedation, failure to utilize oxygen therapy 
when indicated, and numerous other errors may contribute to a post- 
operative fatality. Details of these features in postoperative care are 
discussed at length, elsewhere in this s.'^nnposium. 

SUMMARY 

The marked improvement in mortality rate following thyroidectomy 
during the past one or two decades has been due primaialy to improve- 
ments in our knowledge and application of physiologic principles, 
particularly as related to preoperative and postoperative care. Pre- 
operative preparation is exceedingly important in patients with sever- 
ely toxic goiter. The major factors in tliis preparation of the pa- 
tient include: (1) administration of iodine or thiouracil; (2) in- 
creased calorie intake; (3) conservation of energy; (4) reduction of 
psychic trauma; (5) treatment of complicating di.sease; and (6) mis- 
cellaneous therapy. Appreciating that the mortality rate is so de- 
pendent upon preoperative treatment, we have adopted in oxir clinic 
certain prerequisites to be met before a patient is considered safe for 
bilateral tluToidectomy, These pi’erequisites are: (1) gain in weiglit; 
(2) resting pulse rate below 110; (3) basal metabolic rate below 50; 
(4) I’esponse to iodine or thiouracil; (5) no untreated complications. 
Of this group of prerequisites, gain in weight is the most important. 
It is an unforg•i^’able error to subject a patient with severe toxic goiter 
to bilateral thyroidectomy, unless he has shown a weight gain. 

Thiouracil gives promise of revolutionizing our methods of preop- 
erative care and may make operation unnecessary in manj’^ patients. 
However, it is doubtful if tlie mortality rate may be appreciably low- 
ei'ed in the clinics reporting the best I’esults, largely because relati^'ely 
few of the deatlis encountered in such series of patients will be related 
to thyrotoxicosis itself. The mortality rate in our series of 936 tliy- 
roidectomies was 1.06 per cent. It was lower in toxic diffuse goiter 
tlian in either of tlie two types of nodular goiter. Although almost one- 
half of our deaths must be considered in the preventable class, the 
causes were extremely variable. Tliree patients died of acute heail 
failure, and two died in crisis. There was no duplication in the other 
causes of death. A study of factors (other than coincidence) which 
might be T’e.sponsible for a lethal outcome includes: (1) inadequate 
preparation; (2) wrong choice of time for operation; (3) lack of 
appreciation of the dangers of complications; (4) eiToi’s on the oper- 
ating table; (.5) insufficient vigil in the postoperative eai’e. 
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It should be cmpluisized a'>nin that many of tlie precautions de- 
scribed here will be of only slight iinportance in the preat ma.iorily 
of patients who respond to thionracil. However, sinec an occasional 
patient will be sensitive to tlie drup or will not respond to it, infoi-- 
mation gained about severely toxic patients throngli many yeai-s' ex- 
perience with them should not be cast aside. 
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ANESTHESIA IN THYEOID SURGERY 


R. Charles Adams, iLD.,* and Claude P. Dixon, M.D.f 
Rochester, JIink. 

M ethods of anesthesia for operations on the thyroid gland are 
many and divei-sified and the approach to the anesthetic problems 
immlved in this type of surgeiy is governed somewhat by the condi- 
tions tinder which the surgeon likes to work. Of the available methods 
from which to choose, most provide satisfactory working conditions 
for the surgeon and an adequate margin of safety for the patient. 

Surgeons performing thjwoid operations may be divided roughly 
into two groups from the standpoint of their choice of anesthesia. 
Surgeons of one group prefer that their patient be asleep throughout 
the course of the operation and hence favor inhalation or intravenous 
anesthesia. Those of the other group favor having the patient awake, 
at least intermittently, throughout the operation in order that his 
speaking voice maj^ be cheeked at intetwals for possible damage to 
the recurrent laryngeal nerve and to permit straining in order that 
all potential bleeding vessels may be ligated securely before the wound 
is closed. This group prefers local or regional anesthesia with only the 
intermittent use of a general anesthetic agent. 

Thyroid surgeiy presents certain anestlietiq problems related both 
to the nature of the disease and to the site of the operation that are 
not encountered in most other types of surgery. Despite the fact that 
a surgeon may prefer a certain type of anesthesia in uncomplicated 
cases, some conditions make certain types of anesthesia. preferable to 
others. Such conditions might include very large glands; substernal 
goiters; those which are causing undue pressure on, or displacement 
of, the trachea ; dyspnea ; cardiac disease ; and severe thyrotoxicosis. 
In this type of case the anesthetic management is of greater impor- 
tance than for an operation for a simple nontoxie adenomatous goiter. 

Some features of the anesthetic management of thyroid patients 
bear particular attention. The fact that many patients suffering from 
goiter have varying degrees of elevation of emotional tone necessi- 
tates individualized adjustment of the preliminary medication to effect 
adequate preanesthetie sedation. Since the site of the operation is in 
close proximity to the tracliea and upper respiratory passages, respira- 
tory obstruction is always a potential hazard. Because of the elevation 
of the metabolic rate, anoxemia is not only undesirable but even 
dangerous, since these patients have a high oxygen requirement. 

•Section on -Vne.'sthesia, Mayo Clinic. 

^Division of Svwgery, Mayo Clinic. 

Heceived for publication. March 25. 1944. 

700 ■ 



AD.VJIS AND DIXOX: AXRSTIlEStA IX THYROID SURGF.RY 701 

Respiratory obstruction, in addition to inhiliition of oxygenation, com- 
plicates the surgical procedure by increasing lileeding in the operative 
field. These are some of the considerations tliat must be weighed in 
selecting the anesthetic agent for the patient suffering fi'om a disease 
of the thyroid. 

PRF.UMIXARY MKDICATIOX 

Patients who have a disease of the thyroid, particularly those who 
have severe hyperthyroidism, require adequate ]ircliminary sedation in 
order to lower their emotional tone to somewhere near basal level. Vari- 
ous premedicants and basal sedatives have been employed for this pur- 
pose. Avertin with amylcne hydrate has attained favor with many sur- 
geons for the production of basal anesthesia in operations on the thyroid. 
We prefer the use of morphine and a barbiturate in divided doses since 
this method appears to have greater flexibility than the single adminis- 
tration of basal sedatives by rectum. Pentobarbital sodium is adminis- 
tered the night before operation in doses of V/o to 3 gr. (0.1 to 0.2 
Gm.). The dose should be sufficient to insure a good night’s rest. On 
the morning of the operation the dose or doses of pentobarbital sodium 
are repeated and % gr. (0.01 Gm.) of morphine and Vioo gi’- (0.00043 
Gm.) of atrophine are administered hypodermically at least one-half 
hour before the time of operation. The important feature is to adjust 
the dosage and timing of the premedicants so that the patient reaches 
the operating room in a drowsy and peaceful state of mind. Some 
physicians prefer to have the patient asleep before leaving his room. 

In spite of a carefully planned course of preliminary medication, 
such things as unforeseen delays result in many patients reaching the 
operating room inadequately premedicated. When this occurs, addi- 
tional doses of pentobarbital sodium may be administered intrave- 
nously after the patient reaches the operating room. The drug, in 2.5 
per cent solution, is injected slowly and intermittently until the basic 
level of sedation is reached. This should render the patient droAvsy 
but not asleep. If the thyroid condition has resulted in any degree of 
respiratory obstruction, only minimal sedation is indicated in order to 
avoid respiratory depression, obstruction, and anoxemia. 

Much stress has been placed on the preoperative management of the 
patient suffering from disease of the thyroid in regard to absolute 
rest and quiet and shielding him from the knowledge of anything rela- 
tive to the operation or its time. No doubt such measures are justified 
in the management of patients who are extremely hyperactive but for 
the average patient we feel that these precautions are unnecessary, 
provided the course of preliminary^ medication is adequate. Most of 
these patients get along well on ordinary routine preoperative man- 
agement and it often seems that special attentions render them more, 
instead of less, apprehensive. 



702 


SURGERY 


ANESTHETIC AGENTS AND METHODS 

AVheii the tliyroid condition lias I'esiilted in severe metabolic imbal- 
ance and hyperfunction, anesthetic agents hamng the least toxicity and 
which interfere least with metabolic function are indicated. 

Local and Becjional Anexthesia . — Provided the patient has been well 
premedieated, local ane.sthesia ha.s man.v advantages. It is adequate for 
most stages of the operation and produces the minimum of secondary 
toxic effects. Our metliod consists in blocking the superficial cervical 
plexus bilaterally with 1 per cent solution of procaine hydrochloride or 
metycaine and infiltrating the region of incision with a 0.5 per cent 
solution of one of these drugs. The use of epinephrine as a vasoeon- 
.strietor in the local ane.sthetic solution is conti-aindieated if the gland 
is of the toxic or exophthalmic type. It is to be remembered that some 
patients are definitely sensitive to epinephrine and many so-called 
procaine reactions have been due to this vasoconstrictor. In eases of 
nontoxie thyroid conditions, eobefriu may be used as a vasoconstrictor. 
Usually, sufficient duration of anesthesia is obtained without a vaso- 
constrictor, particularly if metycaine is used. Most of the discomfort 
under local anesthesia occurs when the lobes are being delivered and 
when traction is made on the gland. Brief periods of supplementation 
with nitrous oxide and oxygen at these times render the patient com- 
fortable. The local anesthesia permits the use of sufficient oxygen 
with the nitrous oxide to prevent most patients from becoming cya- 
notic. This combination of methods makes it possible to have the 
patient awake whenever nece.ssary. The advantages of this have been 
mentioned heretofore. 

Block Anesthesia . — In certain cases in wliich the patient is an ex- 
tremely poor risk, because of debility, toxicity, or the size and position 
of the gland, it may be undesirable to put the patient to sleep. In such 
cases complete cervical block will provide anesthesia of all the deep and 
superficial structures. This is accomplished by bilateral injection of 
1 per cent solution of procaine or metycaine into the second, third, and 
fourth cervical nerves and the superficial cervical plexus. The region 
of operation is also infiltrated with a 0.5 per cent solution of one of the 
agents. 

Inhalation and Intratracheal Anesthesia . — Nitrous oxide, ethylene, 
and cyclopropane have all been employed in thyroid surgery and, be- 
cause of their iimt nature, are suitable agents. However, nitrous oxide- 
oxygen anesthesia alone often fails to provide sufficient depth of anes- 
tliesia without the patient becoming cyanotic, which is to be avoided. 
To a lesser degree this also applies to ethylene. The value of these 
agents in thyroid surgery is enlianced if they are complemented by local 
or regional anesthesia. 

fyelopropane is considered by many to be the agent of choice if 
inhalation ane.sthesia is to be u.sed. It ]n‘oduees qtiiet breathing, while 
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aucslhosia can l)c iiiaintaiiiod will) a coinjiai’alivcly ]ii<>'l) coiicciili'alioii 
of oxy«cn. These fcatuvos lojAOlhcr with tlie vapid vocovery jicviod com- 
inend its use iii opei'alious on fjoiloi'. The main di'awhack of cyclo])ro- 
pane is its explosihilily hut tliis need not necessavily contvaindicatc its 
use if pi‘0]3ev ])vccautions ai'e obsei'vcd. With llie proximity ot the field 
of operation to the uppei- resjiiratory passas'cs, tlie em]doymenl of elec- 
trical apparatus during the 0])era1ion would, we feel, conti-aindicate 
its use. 

Most surgeons and anesthetists agree that as a rule ether is not a 
desirable agent for routine u.se in operations on the thyroid. However, 
if it is felt that an inhalation ano.slhctic agent is indicated (perhaps 
with an intratracheal tube) moderate amounts of ether may be adminis- 
tered with comparatiA'e safety to a patient for whom a gaseous anesthetic 
agent is inadequate. For a child undergoing an operation on the thy- 
roid, inhalation anesthesia, prefei-ably inti-ati-acheal, becomes the method 
of choice and moderate amounts of ether may l)e administej'ed without 
untoward effect. 

If an inhalation anesthetic agent is preferred by a surgeon, the opera- 
tion may be performed with greater facility if an intratracheal tube is 
used. Its use will permit a continuously fi'ee aiiAvay, regardless of the 
position of the patient's head or pre.ssure or traction exerted on the 
larynx and trachea. In addition, adequate ventilation and oxygenation 
may be maintained. Intratracheal anesthesia is probably the method 
resulting in the most efficient .second-to-second control if the gland is 
large or substernal or if there is pressure on, or deviation of, the trachea. 
It is good prophylaxis to have an intratracheal tray in readiness, with 
several sizes of intratracheal tubes and a laryngoscope, Avhenever an 
operation on the thyroid is being done, regaidless of the type of anes- 
thesia cmplo3"ed. This prevents delar^ in establishing the airwarq the 
need for which ma.v occur suddenly in occasional cases. 

Intravenous Anesthesia . — During the past ten jmars the use of intra- 
venous pentothal sodium ane.sthesia has been ijicreasing for all tjqres of 
surgerj’. Many thyroid surgeons favor its use in this field. From cer- 
tain standpoints it is suitable, since it does not untowardl.y affect the 
metabolic processes of patients .suffering from thyroid disease. The com- 
parative freedom from nausea and vomiting following pentothal sodium 
anesthesia is desirable and it mar' be used with any amount of ox^'gen 
the patient may require. On the other hand, certain technical factors 
may enter tlie picture. If pentothal sodium is used as the sole anes- 
thetic agent, mechanical obstruction of the upper part of the respiratory 
tract or obstruction due to larvngeal spasm can occur. Since the laryn- 
geal reflexes probably will be still active, it may be difficult to insert an 
intratracheal tube without trauma, if the need arises. Certain patients 
suffering from thyroid disease who are vmusually hyperactive may re- 
quire large amounts of the drug, which may result in a prolonged post- 



704 


SUKGERY 


opei'ative sleep, accompanied by resllessness or excitation dviiing reeov- 
eiy. All these side effects are undesirable. 

For those Avho Avish to lake advantage of the dcsiralsle features of intra- 
venous anesthesia, we feel lliat its use as an adjunct to otlier methods of 
anesthesia produces the best results. There are a number of possibilities 
that may be worthy of consideration. Pentotlial sodium anesthesia pro- 
vides a rapid and pleasant induction to inhalation anesthesia for 
patients who are upset and nervous. For certain patients this is carried 
out in their own room befoi’o they are taken to the operating room. If 
pentothal sodium is used as a supplement to local or regional anesthesia 
onlj^ minimal amounts of the intravenous agent may be required and it 
may be possible to arouse the patient at the end of the ojAeration. AVhen 
this method is used alomj or as a supplement to other methods, oxygen 
or a mixture of 50 per cent nitrous oxide and 50 ]>er cent oxygen should 
lie administered during the course of the intravenous anestliesia. Com- 
binations of pentothal sodium and the gaseous anesthetic agents may 
often proA'e useful when the use of ether is inadvisable. When the 
upper portion of a patient’s respiratoiy tract becomes partially ob- 
structed, heliiun-oxygen mixtures can be utilized to facilitate oxj'gena- 
tion of the patient. 

COMMENT 

Modern anesthetic agents and methods liave been imiAortant in im- 
proving the preoperative, operative, and postoperative management of 
patients undergoing operations on the thyroid. The clioice of anesthesia 
for these patients has been broadened in recent years so that there are 
many different anesthetic approaches to the various problems presented 
by the patient suffering from goiter. In order to obtain the fullest 
benefit from the choice of anestliesia, the problems -of the individual 
case should be weighed iireopera lively by the surgeon and the anes- 
thetist. By such collaboration the sui’geon can supply the anesthetist 
with infomation relatiA'e to the surgical requirements and possible com- 
plications. In this way, methods of anesthesia may be chosen Avhich 
offer the patient the minimum of toxic effects from the anesthetic agent 
and which, at the same time, provide continuous control of the patient 
and of the complicating factors wliicli may arise. 



TECHNIQUE OF TnYROIUECTOj\rY 

Fkank II. Laiiey, BI.D., Boston, j\L\ss. 

T he teclniique of subtotal th.yroideclouiy for exophthalmic goiter 
and toxic adenoma, as 'well as that of removal of a discrete adenoma, 
intrathoracic goiter, and the isthmus for constricting thyroiditis, is 
best demonstrated, I believe, by illustrations. Any technical procedure, 
such as a surgical operation, can be understood more adequately and 
more quickly, A\nth less likelihood of misunderstanding, if it can be 
visualized. Since the accompanying drawings with their descriptive 
legends clearly show the various steps of the procedures, a lengthj’- dis- 
cussion will be unnecessary. 

The methods here presented are based upon tlie removal of over 
23,000 goiters. These technical procedures are the result of progressive 
refinement of our technique prompted by added experiences and con- 
stantly widening contacts with all aspects of thyroid disease. Wliile 
many of the fundamental steps were designed by me, some have been 
modified by other members of the Department of Surgery of the 
Lahey Clinic. These procedures, which ai*e standard in this institution, 
have stood the test of time, numbers, and repeated follow-up studies. 

COMMENT 

While this presentation deals solelj^ Avith surgical technique, I cannot 
conclude it without calling attention to the fact that the operative pro- 
cedure is but one of several factors concerned in a successful thyroidec- 
tomy. Experienced judgment in the preparation of these patients and 
the decision concerning the optimal time for operation are of equal, if not 
greater, impoi’tance than the technical procedure. The same may be said 
of anesthesia and postoperative management, since without experience 
and judgment in these fields, a thyroidectomy, although scientifically 
executed, may have an unsatisfactory result. In no other field of surgery 
is a greater variety of skill and experience needed to obtain a good re- 
sult and a low mortality. Here the knovdedge of the cardiologist, 
endocrinologist, internist, anesthetist, and surgeon may be most advan- 
tageouslj^ combined in obtaining a satisfactory postoperative result. 
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'^Preihijroia ' hAu5c)e,5 


Piff- 1- — a, Tlie curve employed in goifer iiicis^ions in this Clinic. 'With the chin 
elevated, the chest thrown forward, and the neck in the forward goiter position, the 
incision is placed a little higher than ultimately desiied. "When the chin comes 
donm and the chest is lowered, the incmion descend.^ about 1 inch. 

h, The height to which the skin flap is elevated. Good e.x'po.sure of the thyroid 
gland require.s elevation of the .“kin flap up to and above the level of the notch in 
the thyroid cartilage. This permits adequate exposure of the superior thyroid artery 
and veins at the upper pole of the thyroid gland where they enter, so that they maj' 
be ligated well oft' the thj'roid gland. The sternomastoid mu.“cle is being separated 
from the pretliyioid inu.'-cle. The former will then be retracted so that when the 
clamps are applied acro.xs the pretliyioid muscles. a“ in e, they can he clamped well 
out and wider exposure obt-iined. 

c, Ihe high level at wl irh the pietliyroid muscles aie cut. The innervation re- 
mains undistuihed. The . uture level will be well up under the skin flap where it 
uill not interfere with r.o.sure of the skin incision or complicate its healing. A 
thyroidectomy can be di oe more .safely and with bettci exposure if the prethj-roid 
muscles are cut. Although thousands of pietliyroid muscles have been cut and su- 
tured at the Lahey Clinic, no deformitj', disfigurement, or dysfunction has resulted. 
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Fig. 2. — Tile internai jugular vein, and tl>e middle tiiyvoid vein as it enters tlie 
middle of tlie thyroid gland. The first step aftei’ expo.sure of the thyroid gland 
is severing the middle and inferior thyroid veins, ivhich facilitates mobilization of 
the thyroid gland up out of its bed. Note the excellent visualization of the superior 
thyroid vessels ivlien the .--hin and nui.sele flaps are elevated adequately. The double 
boohs, speeially modified in this Clinic, lift the gland up out of its bed in order 
to obtain, adequate exposure. 
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Fig. 3. — After the middle and inferior thyroid reins are ligated and severed, the 
internal jugular vein is retracted, thus exposing the common carotid artery, beneath 
which, with the gland lifted out of its bed, the inferior thyroid artery can be demon- 
strated. As a result of elevation of the prctliyroid muscles above the level of the 
notch of the thyroid cartilage, the upper pole of the gland with its entering vessels 
is clearly exposed. 
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Pig. 4. — The upper pole of the thyroid gland is mobilized after ligature of the 
superior thyroid vessels. The attachment of the thyroid lobe to the larynx has been 
freed, thus making possible a more radical removal of thjToid tissue (Pig. 5). Note 
the level of the horn of the thyroid cartilage. At this point the recurrent lar3Tigeal 
nerve becomes intralaryngeal, so that above this there is no danger of injury. Note 
the retraction of the common carotid artery by means of n-hieh the inferior thyroid 
artery can be found and ligated. 
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Fig. 3.— After t!ie midclle and inferior tliyroid veins are ligated an 

internal jugular vein is retracted, thus exposing ^ „ be denion- 

whicli, with the gland lifted out of its bed, the infeiior thyroi ar y 
strated. As a result of elevation of the prcthyroid muscles a oye , vessels 

notch of the thyroid cartilage, the upper pole of the gland wit i i 


is clearly exposed. 
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Fig. 6. — The various types and positions of the inferior thyroid artery. 

a, A common type of inferior thyroid artery enters directly into the gland. 

b, The inferior thyroid artery arches upward and sometimes de.scends behind 
the thyroid gland to enter it, the arcli sometimes being as high as the superior pole, 

c, The inferior thyroid artery which extends from below upward is the type most 
difficult to demonstrate. The surgeon is apt to think that the artery is absent be- 
cause it is not in the most common positions to, b, <1, and e). Demonstration of this 
type of inferior thyroid artery requires elevation of the lower pole of the thyroid 
gland well out of its bed, retraction of the common caiotid artery at a low point, 
and careful dissection of the deep cellular tissue under good light. 

d, A common type of inferior thyroid artery, wliieh divides ivell out from the 
gland. 

e, The same type as d, with division of the inferior thyroid artery well beliind the 
common carotid artery. Either the upper or the lower branch only may be demon- 
strated and ligated, and the second branch may be overlooked. This re.sults in con- 
tinued bleeding in the gland, which is not controlled or explained until the second 
branch is found and ligated. 

/, The inferior thyroid artery is absent, the blood supply coming from a thj-roidea 
ima. 

g, The common location of the thyroid veins (middle, inferior, and ima). Com- 
plete mobilization of the thyroid gland and turning it up out of its bed (Fig. 5) 
require that all \enous attachments betrveen the thyroid gland and the internal 
jugular vein be ligated and severed. 
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Fig. 7. — The locations and abnormalities of the recurrent larj-ngeal nerve. 

fl. The recurrent larj-ngeal nerve pas.ses over the inferior thjToid artery. A nerve 
in this location is demonstrated and also injured more easih' than the one vrliich 
passes under the inferior thyroid artery. Wien the thyroid gland is lifted out of 
its bed, the nerve also is lifted up as the artery is pulled uptvard in the mid-portion 
of the gland. 

h, The mo.st common position of the recurrent laryngeal nerve. The inferior 
thyroid arterj- must be found first, and then the nerve is demonstrated as it passes 
under or over it. 

c, The inferior thyroid artery is severed and ligated at both ends. In a difficult 
procedure this facilitates demonstration of the recurrent laryngeal nerve from its 
point of emergence in the mediastinum to its point of entrance into the lar3Tix. 

(1, The position of the recurrent larj-ngcal nerve in intrathoracio goiter. As the 
thyroid adenoma descends into the mediastinum, it tends to push the recurrent 
laiyngeal nerve against tlie trachea until it is sometimes so adherent that demonstra- 
tion is difficult unle.'is this occa.sional anomalous position i.s recognized. 

e. The recurrent larv-ngeal nerve does not descend into the mediastinum, but comes 
straight across from the vagus to enter the larj-nx beneath the inferior constrictor 
muscle. 

/, The recurrent laryngeal nerve descends as far as the inferior thyroid artery 
and ascends behind it to its point of entrance into the larynx. 

ff, Extralarj-ngeal division of the recurrent larj-ngoal nerve. 

7i, Extralarj-ngeal division extending as low as tlte inferior thj-roid artery. 
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Po3't-eriGr Aspect oFTht^roid Gld.nd 'UP'^ 

Fig. 8. — The anterior and posterior aspects of the thyroid gland showing the 
various positions in rvhich a parathyroid gland has been demonstrated. A, The dotted 
line shows tlie parathyroid gland against the larynx. This type can easily be re- 
moved unless it is caiefully visualized as the upper pole is pulled away from the 
larjmx. h, The type of parathyroid gland with a separate terminal branch of the 
inferior thyroid artery. If an adenoma of the parathyroid gland cannot be found, 
the entire course of the inferior thyroid artery should be carefully demonstrated, 
preserving all its branches. If a branch comes off the main trunk downward, it 
should be followed, since it will often lead to a parathyroid adenoma in the 
mediastinum. 
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Pig. 9. — The removal of the pyramidal lobe, which is present in a large number 
of cases. If the pyramidal lobe is not removed in a patient witli an exophthalmic 
goiter, it may enlarge sufficiently to cause persisting hyperthyroidism and an 
unsightly tongue of hyperplastic tissue in the central portion of the neck. There- 
fore, in subtotal tliyroidectomy a careful search should be made for the pyramidal 
lobe, following it well up above tbe notch of the thyroid gland to the point where 
it disappears or ceases at tlie hyoid bone. In our experience in the removal of the 
pyramidal lobe, section of tbe liyoid bone lias been unnecessary. 

On the rigiit side tlic superior thyroid artery and vein have been ligated. The 
tie here is often so close to where the vessel is cut that witli coughing it can blow- 
off. When the operation is completed, therefore, tiiis ligated stump of the superior 
tli 3 ’roid artery and vein .should be regrasped and ligated a second time above the 
iir.st ligature. When the superior thyroid artery is thus twice ligated and the 
inferior thyroid artery is ligated as a trunk (Fig. 5), serious secondary arterial 
hemorrhage is unlikeU’. 
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Remnanis ofThuroid OJand 
3u.tu.red to Trachea. 


Fig. 10. — Goiapleted reconstruction of tlio tliyroid gland. The small stumps of 
thyroid tissue shown behind the dotted line in Fig. 5 are so sutured against the 
trachea with fine 00 catgut that the oozing surface is buttressed against the trachea. 
All- bleeding of an oozing character is controlled, and drainage is unnecessary. 
Again, note the height to which the skin and muscle flaps are elevated in order to 
obtain high exposure. 
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Fig. 11. — The method of suturing muscles with mattress sutures, the height 
to which they are sutured, and tlie accurate closure of the muscles in the midline are 
shown. Unless the muscles are accurately closed in the midline, the skin flap will 
become adherent to the trachea, will ascend and descend with swallowing, and will 
thus result in an ugly disfigurement. The sutures are well above the point of innerva- 
tion and do not involve the same level as the skin suture. 
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Fig. 12. — ^Drainage occasional!}’- is necessary in recurrent hyperthyroidism after 
second stage hemithyroidectomy. The drain is not inserted in the midline in a 
counterincision, as has often been proposed, because this produces disfigurement 
and the scar cannot be covered with a necklace. It is placed at the end of the 
skin incision, which -will close when the drain is -withdra-wn, and pierces the 
sternomastoid muscle. Since it is at the outermost portion of the wound, 
adhesions will not occur between the trachea and the skin. Wlien the drain is 
withdrawn from its opening in the sternomastoid muscle, the muscle will then 
he interposed in the sear in the bed of the thyroid gland to prevent fixation of the 
scar of the skin to the thyroid bed scar. 
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Fig. 13. — The method of freeing an intrathoracie goiter from the mediastinal 
tissue. Kote that the index finger is inserted into the mediastinum outside the 
capsule of the adenoma and is swept aroupd until the adenoma is freed from the 
pleura and cellular tissue in the mediastinum. This is the first step in removing an 
intrathoracie goitCT which is often of such diameter that it cannot be made to 
pass through the aperture of the superior thoracic strait. 
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Fig. 14. — After tbe npper third or half of the adenoma has been freed from the 
surrounding cellular tissue and pleura in the mediastinum (Pig. 13), it is lifted witli 
double hooks just above the clavicle and its top i.s incised. Tliis leaves the soft 
contents exposed. Unless the tumor is carcinomatous and so of solid consistency, 
the inde.x finger can be inserted into the center. Its contents, tvluch are usually 
seminecrotie or seniicystic, can be broken down and scooped out, and its fluid sucked 
out, thus decreasing its diameter. IVith gradual traction upward on the double 
hooks, which are inserted in the capsule, the adenoma is lifted and further separated 
ndth the index finger outside of the cap.cnle (Pig. 151, freeing it from the pleura, 
thus further breaking down its center, with additional delivery. In this manner, 
enormou.s intrathoracic goiters can be delivered from the mediastinum without 
removing the manubrium or the clavicle. 




a. An Ochsner clamp with another small clamp over it is placed on the upper 
portion of the nonadenonjatous part of the gland and in the same manner on the 
lower portion. Next clamps are placed along the outer side of the adenoma, where 
normal thv-Toid tissue covers it, and this layer is cut, so that the adenoma literally 
can be shelled out of the body of the thyroid tissue. aVs the adenoma is shelled out 
toward the inidline, a small envelope of thyroid tissue of varying thickness is retained 
along the trachea until all the adenoma is excised. 

h. The edges of the thyroid gland can be brought together to reconstruct a good 
lobe of thyroid tissue. 

The recurrent laryngeal nerve is not shown, but in this operation, as in sub- 
total thyroidectomy for exophthalmic goiter, the inferior thj-roid artery is ligated 
to protect against later secondary hemorrhage, and the recurrent laryngeal nerve 
is demonstrated. The wisdom of dissecting the recurrent laryngeal nerve in 
the removal of a discrete adenoma often has been questioned, but in tills operation 
it is even more importani than in the removal of an exophthalmic goiter. A discrete 
adenoma often so completely occupies the substance of the thyroid gland that but a 
thin shell of normal thyroid tissue remains between the back wall of the discrete 
adenoma and the nerve. Thus, the recurrent laryngeal nerve is in close contact with 
tills thin shell of tiss tc and witli the capsule of the adenoma. Because of this, it is 
easy to penetrate tli 'nin shell of thyroid tissue behind the adenoma and thus 
unknowingly pinch the . urrent laryngeal nerve. 
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Fig. IG. — The incorrect method of removing the istlimus in patients with 
thyroiditis who complain of constriction of the trachea due to organization of round- 
cell infiltration. No attempt has been made to prevent scar tissue formation between 
the two cut ends of the remaining lobes; thus contraction causes further constriction. 

a, The isthmus has been removed. 

b, The development of sear tissue between the trvo remaining lobes over the 
trachea. 

c, Compression of the trachea results from contraction of soar tissue replacing 
removed isthmus and joining the two lateral lobes. When this occurs the trachea 
sometimes is decreased sufficiently in size to interfere seriously with the intake of 
an adequate amount of oxygen. 
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Fig. 17. — The correct method of removing the i.^thmus for constricting thj'roiditis. 
The suture of the prethyroid muscles is shown over the stump of thyroid tissue on 
each side where the isthmus has been removed. The pretliyroid muscles are attached 
to the trachea, thus completely segregating tlie two segments of thjToid gland beside 
the trachea and preventing the formation of scar tissue between them. 

Surgery is rarely necessary in thyroiditis. Occasionally, however, as the result 
of the entire trachea being grasped by an enlarged thyroid involved in thyroiditis, a 
considerable sense of constriction results. This can be relieved by lemoval of tlie 
isthmus. Further constriction can be avoided by suturing the prethyroid muscle 
to the trachea over the sutured ends of the remaining thyroid tissue in each lobe, 
thus preventing the formation of any scar tissue between the two separated lobes. 
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Fig. 17. — Tlie correct nietliod of removing the ietlimus for con.«tricting thyroiditfe. 
The suture of the prethyroid muscles is shown over the stump of thyroid tissue on 
each side where the isthmus has been removed. Tlie prethyroid muscles arc attached 
to the trachea, thus completely segregating the two segments of thyroid gland beside 
the trachea and preventing the formation of scar tissue between them. 

Surgery is rarely necessary in thyroiditis. Occasionally, however, as the result 
of the entire trachea being grasped by an enlarged thyroid involved in tliyroiditis, a 
considerable sense of constriction results. This can be relieved by removal of tiie 
isthmus. Further constriction can be avoided by suturing the prethyroid muscle 
to the trachea over the sutured ends of the remaining thyroid tissue in each lobe, 
thus preventing the formation of any .scar tis.sue between the two separated lobes. 



« 

deainactE in thyroidectomy 

Dokalo Guthrie, M.D., P.A.C.S., aed 
Irwix ScHiMMKL, jM.D., Sayre, Pa. 

T he problem of drainage versus nondrainage in thyroidectomy is one 
which always arouses debate among surgeons. Ever since the days 
of Kocher, the father of modern thyroid surgery, drainage was prac- 
ticed by practically all of the early American surgeons with the excep- 
tion of Halsted, who advocated the use of silk and who believed that 
drainage of the wound was unnecessary. Drainage was necessary 
because heavy catgut was employed to secure hemostasis. As a result 
of the exudative response of the tissues to catgut, these wounds all 
drained freelj^ for a considerable length of time. 

^Vhen catgut was used routinely at the Guthrie Clinic, all of the 
wounds were drained with one or more rubber tubes which were 
placed in the goiter bed and were allowed to remain about forty-eight 
hours. Large substernal and intrathoracie cavities were drained with 
three or four tubes which remained in place for four or five days. 
All of the wounds continued to drain approximately fifteen days, 
necessitating a hospital stay for the patient of at least sixteen days 
after the operation. 

Before discontinuing the catgut technique, an attempt was made to 
use finer catgut in order to eliminate drainage. However, this was 
unsuccessful because of the tissue response to the absorbable suture 
material. A compromise technique using fine catgut to suture the 
remnant and silk for all ligatures was tried ; with this method we were 
able to close 62 per cent of the wounds without drainage. However, 
this technique was soon supplanted by an all-silk thyroidectomy. 
With the advent of the nonabsorbable suture technique, wound drain- 
age became unnecessary and, Ave believe, fraught with risk because of 
the danger of secondary infection through the open portion of the 
wound. 

Following the report of Meade and Oschsner, in 1940, in which 
cotton as a suture material was proved to cause less tissue reaction 
and earlier healing than silk, cotton replaced silk as the nonabsorbable 
suture material for all thyi-oidectomy wounds. With this technique, 
the patient’s temperature in the average case is usually normal wdthin 
forty-eight hours. One-half of the clips are removed ivithin twenty- 
four hours and the remainder at the end of forty-eight hours. The 
wound dressing may be discarded wdth safety at the end of ninety-six 
hours a nd the average postoperative stay in the hospital is reduced to 
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nine days. No further dressings are necessary and six days ai’e re- 
moved from the post-thyroidecfomy hospitali/.ation. 

In reviewing our results since the adoption of the nondrainage tech- 
nique, we have found that in a series of 580 cases, it was necessary to 
use a di’ain in only 8. Furthermore, none of these drains was placed 
in the goiter bed, all being inserted under the skin flap as advocated 
by Coller. In this series there uere three wound infections, two being 
of a minor nature. In one case the skin edges opened completely and 
a secondary closure A\as necessary. An occasional patient will require 
the removal of a stei'ile cotton knot. However, since we have used 
the very fine No, 80 cotton in the skin flap, this procedure has been 
necessary in but two or three patients. 
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Fig 1 — Freeing the Ioi\er flap in the midline only o\er the suprasternal notch 
(Illustrations hv permission of Surg. Gjnec £. ObsL, from "A Technique of Thj- 
roidectomj Permitting the Use of Silk” bj Donald Guthrie and Merle J Brown 08- 
801-SC0, 1039 ) 


Mcdiastinitis is feared by many surgeons folloiving the removal of 
substernal or intrathoraeic goiters if drainage is not employed. A few 
of them pack these cavities ivith gauze Such a procedui e would seem 
to insure secondary infection rather than to prevent it. We have not 
used drainage in a ly of these eases and have seen no untoward effects 
as a result Two of our patients, in whom drainage was done when 
catgut was used, developed mediastinitis due to secondary infection 
and died as a result. 

There are a feiv techmeal points which must be employed if the 
surgeon is to use the nondrainage method successfully. In the first 
place all dissection must be sharp with a constant regard for tissue 
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Fig- 2. ^Dissection of the lobe continued to show what should be the size of the tin 

roid remnant that is to be left in situ 
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i)eeause blunt dissection encourages edema and wound exudation, 
^lass ligatures must not be employed and hemostasis must be absolute. 
It is obvious that wide dissection of tlie lower .skin flap is unnecessary 
for exposure and merely provides additional dead space where serum 
may collect (Fig. 1). In accordance with the principles outlined by 
Lahey, after all the vessels have been ligated, the remnant which has 



Fig. 4. — Method *bf controlUng hemorrhage from the remnant by t^^'O rows of the 
interrupted fine silk sutures placed at different levels in the long axis of the neck. 
Interrupted sutures c-e placed through the edges of the remnant and the fascia and 
the thyroid tissue oC'O* ' trachea inverting the outer surface of the remnant to conceal 
its incised surface. 


been carefully plotted is rotated medially toAvard the trachea. Its 
lateral portior is then sutured to the small bit of thyroid gland which 
has been intentionally left attached to the trachea (Pigs, 2 and 3). 
This brings the cut and oozing surface of the gland agamst the trachea, 
providing a valuable adjunct in hemostasis (Fig. 4). A drj' wound is 
the sine qua non of the nondrainage method of thyroidectomy. In ad- 
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Pig 5 — Sternothyroia muscles are sutured at the midline and to the lower portion of 

the icmnant. 


' i 

Wound cloeed wdK clips 
\ 



lacision closed 


Uaujc placed above and 
belon incision and under 


flanges of skin clips 


Nolckes cul in rubber sponge 
lo mold li io wound 



Kubber sponge over gauze pad 


Fig G IlUistiating the method of dressing the wound 
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dition, we believe tliat suturing the right and left sternotli 3 "roid muscles 
together in the midline and, if neeessaiy, to the base of the remnant, is 
valuable in further insuring against oozing and bleeding (Fig. 5). The 
sternohjmid muscles are sutured in the midline and then the flap is 
carefull.v inspected to be certain tliat there is absolute hemostasis. 

As an added precaution to prevent flap oozing and to aid in obliterat- 
ing dead spaces, we emploj’ a notched rubl)er sponge over the wound. 
This is held in place b.v two one-inch adhesive strips and the entire neck 
is wrapped with Avide gauze bandage. AVe cmploj' tin's technique in all 
eases. (See Fig. 6.) 

.SUMMARY 

Drainage in tli.vroidectomA' is unnecessar}' if a nonabsorbable tech- 
nique is emploA'ed. 

Careful hemostasis and special care for the remnant are responsible 
for the .success of this method. 

In our experience, cotton is highl.v satisfaetoiy and makes imdrained 
thjToid wounds possible. 

Bj' avoiding di’ainage, we have been able to I'educe the average 
post-thjToidectom.v hospital staj' from sixteen to nine da.vs, an econom,v 
for both hospital and patient. 



A NEW PLAN IN THE OPERATIVE TREAT^RENT OF PATIENTS 
WITH SEVERE HYPERTIIYROIDISIM 

The Use op Spixal Anesthesia as ax Adjuxct to Their 
Preoperative Care 

Major Charles E. Eea,^ IMedic.vl Corps, A.U.S. 

I T IS the purpose of this communication to report briefly the employ- 
ment of spinal anesthesia as an adjunct to the operative management 
of severe hyperthyroidism. This plan has .been employed in twenty 
cases with real satisfaction. Whereas, the use of spinal anesthesia in 
the management of postoperative tliyroid storm has been described 
previously from this clinic, and whereas Crile and Bartels, Stuart, and 
Johnson have employed spinal anesthesia for a similar purpose, the 
basis of the proposal described herein is predicated on the thesis that 
an effective spinal anesthesia, which ivould inhibit medullary adrenal 
releases during the operation, would help to forestall the occurrence 
of immediate severe postoperative reactions. It is not the intent to 
secure anesthesia to a level (second to fourth cervical segment) which 
would permit the operation being done under this agency alone. On 
the contrary, a somatic analgesia to about the fourth dorsal segment 
is derived with the use of spinal anesthesia, the analgesic for the per- 
formance of the operation upon the neck being obtained with the use 
of other agents — usually a combination of pentothal and cjmlopropane. 

mode op management 

The usual considerations which have guided surgeons in the manage- 
ment of patients with severe hyperthyroidism constitute an integral 
part of the therapeutic program. Briefly the following are given 
careful notice : 

1. The Use of lAigol’s Solution . — Of all the components of preopera- 
tive treatment of patients with seAmre hyperthyroidism, there is none 
so abused as the use of Lugol solution. AVhen iodine first came into 
general use in the early 1920 ’.s, the answer to the goiter problem was 
thought to be found. lIoweA'er, this has proved not to be the case in 
the ensuing years. Empirically, one-gh-’es five to ten drops of Lugol’s 
solution three times daily to patients Avith hjqmrthyroidism. One 
should never give Lugol’s solution for more than tAvo-Aveek periods 
Avithout evaluating the clinical status of the patient. The practice of 
giving Lugol’s solution for months .to goiter patients is to be con- 
demned, as it is not only unnecessary but also may confuse the clinical 
picture. 

SchoorTunncapo'lil Surgerj-, University of Minnesota Medical 
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The practice of treating cliildren or adults with mild hyjjerthyroidism 
■\vdth small doses of iodine OA’er a long period of time has been advo- 
cated by some clinicians. In oiir opinion this is a dangerous form of 
therapy for the reasons just mentioned, and it puts a big responsibility 
on the physician prescribing the treatment. Thyroidectomj' is a safer 
and surer method of treatment. It is our ijoliey to be more conserva- 
tive with children developing mild degrees of hyperthyroidism about 
the time of puberty. Two instances of mild exophthalmic goiter in 
children have come to our attention, in which spontaneous remission 
of symptoms after puberty occurred. Older children with hyperthy- 
roidism have been subjected to thyroidectomy similar to that in adults. 

At this clinic Lugol’s solution is given to patients with hyperplastic 
goiters and also to those with nodular goiters with hyperthyroidism, 
both pre- and postoperatively. In our experience it is not necessary 
to give iodine medication to patients with nodular goiter vithout hy- 
perthyroidism, either before or after operation. Rather disturbing, 
however, is the fact that of 155 patients with “nontoxic adenoma of 
the thyroid’’ operated upon at the University of jMinnesota Hospitals 
between 1933 and 1940, who had not received Lugol’s solution pre-- 
operatively, three showed degrees of thyroid storm postoperatively. 
These were probably eases of latent hyijerthjwoidism, not diagnosed 
clinically. For this reason, it is my personal opinion that it does no 
harm to give the majority of patients with nontoxic adenomas of the 
thyroid Lugol’s solution before operation. The question of what per- 
centage, of nodular goiters without hyperthyroidism Avill be made toxic 
by the use of iodine is important (so-called Jodbasedow). It is said 
that in Kocher’s clinic the use of iodine for sterilizing the shin in goiter 
operations was forbidden. Kocher’s successor, de Quervain, listed 
thirty-three cases of Jodbasedow in nine years. However, Dr. Carl 
Rice, at the goiter clinic at the University of Minnesota Hospitals, 
has purposely treated patients with nodular goiter without hyperthy- 
roidism Avith loAv doses of Lugol’s .solution (one to two drops a day) 
up to a period of two years, and has not seen one avIio rvas made toxic 
by the iodine medication. Further, there are no statistical .studies to 
shoAv that there are more eases of toxic goiter developing among per- 
sons Avho took iodine for nodular goiter than among goitrous persons 
who did not take iodine (IMcClendon) . It is my opinion that some 
instances of JodbasedoAv are really cases of latent h 3 q 5 erlhyroidism, 
flared up by stimuli other than the iodine. The Avhole question of 
JodbasedoAv merits a complete and critical reinve.stigation before defi- 
nite conclusions arc Avarranted, hoAvever. 

2. Mental and Physical Rest.— 'By means of controlled eiiAdronment 
and sedation, a state of mental and physical rest can be obtained in 
patients Avith hj-perthyroidism. For sedation, phenobarbital, from % 
to 1 gr. three times a day, are used Avith seconal, from \y^ to 3 gr., at 
night. At this clinic the patients are alloAved bathroom privileges. 
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The mental attitude of the patient toward his condition and the oper- 
ation are very important because regardless of what the laboratory 
tests may show and how satisfactory his physical condition may seem, 
if the patient is nervous and apprehensive he is not a ffood candidate 
for opeivation. 

3. Did. — Patients with hypertliyroidism should i)e given a higli caloric 
diet. A high protein and a high curbohydi'atc component should be 
stressed. The patient’s Aveight is one of the best checks on hoAv he 
is progressing. A patient Avith hjqjerthyroidism Avho is gaining Aveight, 
regardless of Avhat the basal metabolic rate may be, .shoAA'S that he- is 
improving under therapy. AYe liaA’C checked plasma proteins of four 
patients Avith severe hyperthyroidism and have found them to he Avith- 
in noi’inal ranges. 

4. The Use of Other Drugs. — The reports to date concerning the use 
of thiouracil seem to indicate that that drug is of value in the pre- 
operative management of certain patients Avith hyperthyroidism. Thi- 
amine chloride is given routinely to patients Avith hyperthyroidism at 
this clinic. Those Avhose clinical condition does not improve in spite 
of Lugol’s solution (iodine-fast) are often im])roved by attention to 
rest, diet, sedation, or thiamine chloride. In six iodine-fast patients 
with goiter, the use of diiodotjTosine gave no more benefit than that 
obtained Avith Lugol ’s solution. 

5. O'peration on Thyroid Gland. — The following factors should be 
taken into consideration before operating on the thyroid gland: the 
patient’s age, the size of the gland, the re.sponse to Lugol’s solution, 
the duration of the hyperthyroidism, the basal metabolism rate, the 
pulse, the gain in Aveight, and the patient’s general lAhysical and mental 
condition. The procedure to be used should be decided in the sur- 
geon’s mind in the patient’s room hefore operation and not at the 
operating table. If, from an evaluation of the patient’s condition, 
just a ligation of the superior poles of the thyroid gland or a lobec- 
tomy is agreed upon, it is iiwiting disaster to proceed further just 
because the patient stood the stage procedure Avell. Moreover, if the 
patient begins to react badly Avhile the surgeon is doing the procedure 
contemplated before operation, it is best to do the minimum and, if the 
operation has not gone too far, to close the Avound as quickly as pos- 
sible. The three fatalities that haA'^e occurred in this clinic during the 
past three years in thyroid patients (out of a total of 308 operations) 
have been due to failure to observe one or both of these tAvo rules. 

Since the AAdiole rationale of thyroidectomy in hyiierlhyroidism is to 
shift the patient fiom a state of hyperthyroidism to one of hypotliA'’- 
roidism, hoping to hit a happy medium, one can realize hoAv much the 
experience of the surgeon counts in judging hoAv much of a thyroid 
should be removed. In severe thyrotoxic patients one aims to do a 
bilateral subtotal thyroidectomy in one or more stages. It is interest- 
ing to note hoAV the stage procedure has passed from one of necessity 



734 


SURGERY 


to one of election. At this clinic, a tmilateral lobectomy has been the 
stage procedure of choice in the severely thyrotoxic patient. A right 
snlrtotal lobectomy is usuall 3 ' performed first, with surgical removal 
of the left side being deferi'ed until tivo to four weeks later. The 
use of local, general inhalation or intravenous anesthesia, or combi- 
nations of these, depends somewhat on the choice and temperament of 
the surgeon. Ether is a bad anesthetic for thj’rotoxic patients, as it 
tends to produce pulmonaiy edema. Cj'clopropanc has been used as 
the chief inhalation anesthetic at this clinic, but is contraindicated 
if the patient has cardiac irregularil.v. Its chief value lies in the high 
Dxj'gen content of the mixture. 

At the Universit.v Hospitals the use of intravenous ]ientothal ("sneak 
thju'oidectomj’”) has proved of A'alue in patients with toxic goiter. 
The procedure is as follows; For two or three da.vs before operation 
the patient is given 1,000 e.c. of 5 per cent glucose in saline solution 
intravenouslj". Since operations are performed in the afternoon at 
this hospital, the patient is given a liquid breakfast on the day of 
operation and intravenous glucose solution. No other preparation is 
made, so that the patient is unaware that he is to be operated upon 
that dajv Just before operation, when the infusion has .just about 
been completed, intravenous pentothal is given through the same in- 
fusion needle. The sleeping patient is taken to the operating room 
where the neck is prepared for operation and inhalation anesthesia is 
initiated. 


THE USE OF SPINAL ANESTHESIA IN PATIENTS WITH 
SETORE HYPERTHYROIDISJI 

In spite of careful preparation and preoperative care, some patients 
with severe hyijerthyroidism have had degrees of thj'roid storm post- 
operativeljL To prevent such an occurrence, spinal anesthesia in the 
operative management of severe hjqierthyroidism has been used. This 
idea was suggested from the good results following the use of spinal 
anesthetic in a ease of thjmoid crisis. This case has been reported in 
detail elsewhere. To date, spinal anesthesia has been used for three 
patients with thyroid crisis with good results at this clinic. 

Because of the good results follomng the use of spinal anesthesia 
in cases of thjwoid crisis, it was suggested that spinal anesthesia might 
be used as a preoperative measure in eases of severe hj'perthjwoidism. 
A report of the first patient so treated is given in detail because when 
operation was first attempted, without the spinal anesthesia (control), 
the patient had a severe reaction on the table. 

CASE REPORT 

0. G., aged 41 years, was admitted to the Univeisitj'" of ilinnesota Hospitals, 
Get. 11, 1!>41. Ho gave a history of dyspnea, and fatigability since the winter of 
1940 to 1941. Bather marked irritability had been noted by his wife about eight 
months previouslj'. He noticed a mass in his neck and pounding of the heart 
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approximately throe months prior to admission. In spite of an increased appetite, 
he had lost thirty-five pounds in the past year. He had noticed tremor of the 
hands for approximately two years. 

On admission, the patient ’s temperature was 98.8° F-, pulse, 100, respiration 20, 
blood pressure 138/60. 

Physical examination revealed a well-nourished, well-developed while man who 
was rather hyperactive. There was a mild exoiihthalmos of both ej'os and the 
thyroid gland was diffusely enlarged and firm. No bruit was heard. The heart 
was of normal size and the tone was foiceful; no murnuirs were heard. The lungs 
wore clear to auscultation and percussion and there were no abdominal masses. 

A fine tremor of both hands was present. There was a staring expression of 
the eyes and definite lid lag. 

The patient had received Lugol’s solution, ten drops throe times a day, since 
Sept. 28, 1941. He had also been given phenobarbital, IVj gr. three times a day, 
and thiamine chloride, 1 mg. four times a day. Some difficulty was experienced 
in raising his caloric intalce sufficiently, but with a 5,200 caloric, high carbohy- 
drate, high protein diet, his hunger was relieved and ho began to gain weight. 
Basal metabolic rate. Sept. IS, 1941. was plus 84 per cent; Oct. 2, 1941, plus 74 
per cent; and Oct. 12, 1941, plus 51 per cent. The basal metabolic rate never 
went below this level at any subsequent test. His pulse rate was not excessive 
and consequently it was thought that lobectomy should be attempted. 

Oct. 28, 1941, pentothal was given intravenously in bis room and he was taken 
asleep to the operating room, where inhalation cyclopropane anesthesia was in- 
stituted. At the beginning of the operation the blood pressure was 140/80 and 
the pulse 120 per minute. After making the skin incision in the neck, his blood 
pressure was 180/90, but the pulse was still 120 per minute. On cutting through 
the platysma muscle and retracting the straj) muscles of the neck, the blood pres- 
suie was found to be 220/100 and the pulse 160. Some of this untoward reaction 
was thought to be due to the cyclopropane, so this anesthetic was discontinued 
and only oxygen given. However, since the patient did not improve, the skin 
incision was closed and the patient transferred back to his room. 

The patient had quite a stormy time for the first few postoperative days. Be- 
cause of this reaction, it was decided to give him a course of deep x-ray theiapy 
to the thyroid gland; he received 500 r/air to the anterior thyroid region and^ 
250 r/air to the right and left lateral thyroid areas over a period of nine days 
from Nov. 5 to 14, 1941. His basal metabolic rate Nov. 7, 1941, was plus 53 per 
cent. The patient became somewhat restless and did not seem to acquire a mental 
and physical calmness during this time. November 17, 1941, the patient was op- 
erated upon again. Anesthesia was induced with intravenous pentothal sodium in 
his room. In the operating room 75 mg. of procaine hydrochloride was given 
intraspinally in the third lumbar interspace. Anesthesia, as determined by pinch- 
ing the skin with a Backhaus forceps, was obtained to the third intercostal space. 
Inhalation ethylene anesthesia was then given and a bilateral subtotal thyroidec- 
tomy performed. 

The patient had a surprisingly smooth operative couise. The blood piessurc 
was maintained at about 140/80 and the pulse between 100 and 120. Postopera- 
tiioly, his condition was good and, except for a hematoma in the wound, his couise 
was uneventful. He was discharged, Nov. 30, 1941, with instructions to report 
for checkup to the outpatient clinic. When seen Jan. 16, 1942, his basal metabolic 
rate was plus 35 per cent, his weight was 215 pounds, and he looked and felt well. 
April 1C, 1942, his basal metabolic rate was plus 12 per cent, his weight 220 
pounds, and he was doing moderately heavy work. 

To date, we liave operated upon twenty patients ivitli severe hyper- 
thyroidism, using a eombination of intravenous pentothal, spinal and 
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inhalation anesthesia. Uinler this regimen avc have been able to do 
bilatei-al subtotal thyroidectomy iipoii patients Avho heretofore avo 
AvoukI haA’e done onl}^ stage procedures. In eight of tlie patients the 
basal metabolic rate AA-as ncA’cr loAcer than plus fiO per cent before 
operation. (See Tabic I.) We haA-e been impressed AA'ith tlie smootli 
opera! iA’e and postoperatiA'c cour.se in these cases. 

The Avhole purpose of the spinal anesthesia as used in these cases is 
to inhibit medullary adrenal releases during the opei-ation, AAdiich 
Avould foi-estall the occurrence of an immediate scA-ere postoi)eratiA’o 
reaction. It is not the intent to .secure anesthesia to a Ica’cI (second 
to fourth cerA'ieal segment) AA'hich AA-ould permit the operation being 
done under this agency alone. The fjue.stion comes up, of course, hoAA' 
do AA-e knoAV that the adrenals are so important in thyroid .storm. We 
belieA’e that the adrenals are importaiit. fir.st because of the reactions 
accompanying the so-called Ooct.sch tc.st. In this test, if adi'cnalin is 
giA’en intraA’cnously to patients AA'ith mild or latent h 3 i)erthyroidism 
the patient gets a reaction akin to a thyroid stoian. Second, if there 
AA'cre signs of hA-pei-adrenalin, one AA-ould expect an increase in the 
blood sugar. We haA'e examined the blood sugar of these patients 
before, during, and after thyroidectomy using spinal anesthesia, and 
haA-e found that the blood .sugar is not increased. The short-time 
factor in pcrfoianing the operation must be taken into consideration 
in cA-aluating these normal Ica-cIs. Xo determinations of the amount 
of adrenalin in the blood during these operations haA-e been made as 
there is no accurate method knoAA-n to date. 

It is important that a somatic atialgesia to about the fourth dorsal 
segment be derh-ed from the use of spinal anesthesia, if one hopes to 
inhibit the splaiAchuic aaci'a-os to the. adrenal glands. We haA'e checked 
'’the IcA-el of spinal anesthesia by noticing AA-hen the patient giA-es CA-i- 
dence of pain by pinching the .skin of the che.st at diffei-ent leA-els 
before induction AA-ith general ane.sthesia and aflei- opei-ation AA-hen the 
patient is aroiTsing from the anesthetic. 

Procaine has been used as a spinal anesthetic, the dose A-ai-ying from 
80 to 120 mg. The head of the table may be tilted doAAUiAA-ard 10 de- 
gi'ees for a Icaa- minutes to as.sure high enough anesthe.sia. In so doing, 
the patient’s head should be raised on a pilloAA- to preA-ent the anes- 
the.sia from extending to the eei’Aical segments. 

In these cases aa-c have not used any pressor cb'ugs to prcA-ent or 
treat falling pressure. In tA\-o instances the blood pressure fell rather 
alarmingly during operation. This AA-as treated by Trendelenburg po- 
sition and intraA-enous fluid. 

It is to be emphasized that it is not ncce.ssary to use a spinal anes- 
thetic in alt thyrotoxic eases. IIoAA-cA-cr, for our experience, its use in 
the opei-ative treatment of eei-tain eases of severe hyperthyroidism 
AA'ouhl seem .iustified and the i-isk seems less than it Av-ould be if one 
attempted to do the came operation AA-ithout the .spinal ane.sthetic. 
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SUMMARY 

We haA'e been impressed with the use of spinal anesthesia as an ad- 
junct to the operative and postoperative management of severe hyper- 
thyroidism. The basis of the proposal is predicated on the thesis that 
an effective spinal anesthesia, which would inhibit medullary adrenal 
releases during the operation, would help to forestall the occurrence 
of immediate severe postoperative reactions. It is not the intent to 
secure anesthesia to a IcA^el (.second to fourth cervical segment) which 
Avould permit the operation being done under this agency alone. On 
the contrary, a somatic analgesia to about the fourth dorsal segment 
is derived Avith the use of .spinal anesthesia, the analgesic for the per- 
formance of the operation upon the neck being obtained Avith the Aise 
of other agents, usually a combination of pentothal and cj^eiopropane. 
The idea is rational and feasible; further investigation is necessary to 
determine hoAV A^alid the premises are. 
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THE ]MANAGE]\IENT OF POSTOPBEATIVE COIMPLICATIONS 
IN THYROID SURGERY 

Howard ]\I. Clute, IM.D.,"' Francis R. Kenney, and 

Burton E. Hamilton, Boston, IMass. 


T he early detection and proper management of postoperative com- 
plications are an essential part in the care of all surgical cases. In 
surgery of the thyroid gland, liowevcr, immediate and personal atten- 
tion to postoperative care is not only desirable, lint frequently is life- 
saving. In few other fields of surgciy may tlie postoperative troubles 
of the patient so quickly produce dire results. It is important, then, 
in anj’- discussion of thyroid surgery that due attention be paid to post- 
operative care. 

As has been so frequently observed, a set team of anesthetist, surgeon, 
assistant, and nurse is of the greatest value in thyroid surgery and in 
postoperative care. The less frequently the personnel of this team is 
changed the more smoothly and efficiently do they work. In our clinic, 
the anesthetist accompanies each thyroid patient back to the room and 
sees the patient safely into bed. She makes certain that the patient’s 
airways are free. If there is any doubt about this, she remains with 
the patient until breathing is comfortable and easy. Oxygen is given 
many patients for some hours after operation, especially if they are 
toxic, and this is started and cheeked by the anesthetist. Either a tent 
or an intranasal catheter has pi’oved most satisfactory in our hands, 
ifost patients find the B.L.B. mask unpleasant to wear. 

Intravenous fluid is also ordered and frequently given by the anes- 
thetist immediately on the patient ’s return to bed. This may be glucose 
in water or glucose in saline solution, with or without Lugol’s solution 
added, as the situation demands. 

On return to bed the patient is placed flat or on one side for the 
first six or ten hours. Then the head of the bed is gradually raised 
and a sitting position assumed and maintained for most of the imme- 
diate postoperative period. 


Nausea and vomiting- ^ are not infrequent annoyances in the first 
twelve to twenty-four hours after goiter surgery. Usually due to the 
preoperative and postoperative medication and the anesthesia, they 
are readily managed by replacing intravenously the fluids and salts 
that have been lost. Not infrequently we find that the nausea and vomit- 
ing seem to be related to injections of moiqilriue and cease rvhen this 
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drug is discontinued. Yevy often at the end of the first postoperative 
day codeine and aspirin are substituted for morphine and effectively con- 
trol discomfort. Except in the rare eases of vomiting due to a post- 
operative storm, tliis complication has never lieen a serious problem. 

Postoperative hemorrhage”’ is a very rare occurrence today 

in thyroid surgery, but when it occurs immediate and active treatment 
is essential. No serious hemorrhage has occurred in our practice for 
many years, due, wo believe, to our constant attention to all oozing in 
the field at operation and our tendency to tie both the .su])erior and 
inferior thyroid arteries in each case in whieli oozing is troublesome. 

Hemorrhage, when it does occur, may develo]) at catastroj)hic .speed. 
Usually patients having a serious thyroid liemorrliage suifer more from 
the re.sulting pressure of the blood on tlie trachea than they do from 
acute blood loss. A patient perfectly comfortable one moment may 
suddenly develop a wide swelling across tlie ncclc which bulges forward 
almost obliterating the noimal submental dei)ression. With this swelling 
there is increasing stridor and anxiety, and very little time for delay. 
The skin clips must be removed in tlie room and tlie sutures holding 
the prethyroid muscles cut. Tin's releases the tracheal pressure and 
overcomes the stridor. Large gauze packs are placed over the wound 
and the patient is quickly transported to the operating theater for con- 
trol of the bleeding. 

In our experience a severe hemorrhage of this type has always been 
from the superior or inferior thyroid artery. It has been disconcerting 
in some of these cases to find no artery pumping when the field was 
exposed. After careful exploration, however, the ve.ssel xisually starts 
bleeding again and the main trunk can be tied. Wnien no one A’cssel 
can be found in such a case, it is best to ligate both superior and inferior 
thyroid arteries before sending the patient back to bed. 

Occasionally a hematoma' will appear under the skin fiap three or ' 
four days postoperatively, the wound having been normal up to this 
time. No interference with breathing is present. We usually find that 
this is due to oozing from a small vein under the skin flap. The post- 
operative course will be shorter and smoother and the sear pi’obably 
better if this hematoma is evacuated in the operating I'oom and the 
.skin edges reapproximated. Preciuently one dislikes subjecting the 
patient to a second operation and, therefore, waits for the hematoma 
to liquefy and drain extenially. This requires many dressings, but 
usually the resuUs ai’e good. 

For two years or more, we have I’emoved all the sldn clips in the 
thjToid incision twenty-four hours after the operation. This, we be- 
lieve, has greatly improved the seal’s. No wounds have separated and 
no trouble has oeeuiTed due to this procedure. 

In past yeai-s it has been our expeinence that 85 per cent or more of 
all our thyroid incisions showed a collection of serum*- ” under the skin 
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Hill) (luring the postoiioralivc course. By prol)iug with a small needle 
this was released with little serious effect on the scar. In recent years, 
however, serum has been extremely uncommon in these wounds and, 
in fact, rarely occiu's unless a hematoma has been present. This change, 
we believe, is due to our use of 4-0 catgut for tics in the skin flap, tine 
catgut in the deep tics, and our technique of retracting rather than 
cutting the prethyroid muscles in most cases. Less trauma and less 
catgut have given markedly improved vvounds. 

Sometimes in large goiters there is a braAvny edema" extending across 
the neck for several days postoperativcly. This generally clears up in 
a few days. Any accompanying discomfort is alleviated by hot poultices 
or ice bags. Very rarely infection-- ® occurs under the skin flap. This 
has never been dangerous. It is treated with hot flaxseed poultices and 
probing for any purulent fluid in the wound. Anesthesia of the skin 
flap- may persist for some time, but is usually gone at the end of six 
months. 

Very rarely in extremely toxic patients there may be jaundice, prob- 
ably due to accentuation of the liver damage’- occurring in severe 
hypertlijn-oidism. A high carbohydrate, high protein diet should be 
given in these eases as (veil as generous amounts of intravenous glucose. 

Infection extending into the superior mediastinum^- may occur 
after thyroid surgery, but certainly this is one of the rarest complica- 
tions in our experience. It is most to be feared following the removal 
of a deeply substernal goiter. It should be suspected if there are a rising 
pulse and a moderate fever, the pulse usually being proportionately 
much higher than the fever or toxicity of the patient. X-ray pictures 
should show typical widening of the mediastinum. Immediate reopera- 
tion to cut transversely the prethyroid muscles and drain the medias- 
tinum is indicated. The prognosis is bad unless the fluid released is the 
result of inadequate drainage of the substernal area and is relatively 
sterile. Chemotherapy is used in these cases and may be helpful. 

Some degree of tracheal irritation and tracheitis-- ’’ is very com- 
mon after thyroidectomy. "We believe that the degree of tracheitis is 
in most cases directly proportional to the roughness of the surgery. 
Rough handling of the larynx and trachea, especially on the posterior 
surfaces, seems to us to produce marked tracheitis. Certainly the dissec- 
tion of the thyroid from the front of the trachea causes little difficulty. 
Mild degrees of tracheitis disappear in from twenty-four to forty-eight 
hours without special treatment. In some instances a steam kettle in 
the room seems to make breathing more comfortable. 

Ivlarked stridor, cough, trouble in SAvallowing, and even regurgitation 
of liquids through the mouth or nose occasionally occur in postoperative 
goitci cases. These are most unusual, and it is pi-obablj-^ true in such 
cases that there has been an injury to : (1) either the superior or inferior 
lai_\ngeal nerve, (2) the fine muscles of the larynx or, possibly, as Cole’’ 
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has suggested, (3) an actual spasm of the tracheal muscles. Temporary 
relief in these patients may be gained by using oxygen, or oxygen and 
helium inhalations. If marked swelling is present in the wound it must 
at once be widety opened and pi’eparations made for tracheotomy. 

The surgeon's great tendency in the presence of marked stridor is to 
delay tracheotomy too long. ]\Ien still say that "when cyanosis appears, 
a tracheotomy must lie done.” This policy of waiting for cyanosis be- 
fore doing a tracheotomy will residt in some fatalities because the mar- 
gin of safety in partial tracheol obstruction is very low and any slight 
increase in the obstniction may at once jn'oducc a fatality. We have 
done traclieotomies in such eases, being gratified by tlie immediate re- 
lief obtained and astonished at the failure of the procedure to leave 
an unsightl}' scar. 

Certainly we are convinced that marked tracheal obstruction with 
severe stridor can occur without any injury to the recurrent laryngeal 
nerves. We have seen both vocal cords functioning well, and noi’mally 
five days after a tracheotomy had been necessary for tracheal and 
larjTigeal spasm with obstruction. 

Injury to one recurrent laryngeal nerve-’ ® may occur during thy- 
roidectomy with no accompanying symptoms. After the operation the 
patient’s voice may be affected, particularly as to the tone and volume. 
In many instances the voice returns vei-y nearly to normal, but in 
others a permanent change is apparent. Injui-j" to one recurrent laryn- 
geal nen-e is, in our experience, very rare and never fatal. No special 
treatment is indicated. 

Injury to both recurrent lai'yngeal nerves is a most serious matter, 
cai’rying in its train marked or even fatal postoperative complications. 
Bilateral injiii’y to the .recurrent nerves should be prevented at any 
cost. In over 5,000 goiter operations performed by one of us (H. M. C.) 
this has never occurred. 

Bilateral vocal cord paralysis may cause immediate and serious laryn- 
geal obstruction with obvious inspiratory stridor. Examination of the 
larynx makes the diagnosis readily apparent. If the obstruction is pro- 
nounced, immediate tracheotomy must be done. In many cases the 
seriousness of this complication is not a])parcnt until the patient is up 
and about. With inerea.sed exercise, breathing becomes much more 
difficult and a great inci’easc in stridor ocerrrs. 

In these cases it is wise to postpone any radical treatment of the 
paralj’zed cords for eight or ten months or more. Occasionally, one of 
the cords will regain its motility and the breathing will thereby im- 
prove. If, after .such a delay, there is still complete bilateral cord 
paralysis, i-adieal operation for its improvement may be advised. 

Hoover® has had good results with bilateral submucous resection of the 
cords in these cases. More recently King® has i-eported good results 
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from transplanting the omoliyoicl muscle to the base ’of one arytenoid 
cartilage and reconstructing the larynx, thus enlarging the glottic fissure. 

Postoiierative thyroid storms-’ are today far le.ss frequent and 
much less severe than in the past. With the increasing care and greater 
length of the preoperativo preparation of tliyrotoxic patients and care- 
ful adjustment of the stages of operation to each individual, serious 
thjToid storms can he avoided. From our experience to date with 
thiouracil,^-’ we believe that the few serious reactions we now see 
after thyroidectomy can probably be avoided. 

In recent years the occasional serious reactions after thyroid opera- 
tions have manifested themselves lai-gely by an undue inci’case in the 
pulse rate and a rise in temperature. Formerly these symptoms were 
commonly accompanied by nausea and vomiting, often very persistent. 
Earely today do we see the great muscular activity and mental and 
emotional excitement that were so frequent in the early days of thyroid 
surgeiw. Perhaps this is due to the improved preoperative preparation. 

In serious postoperative thyrotoxic cases we place the patient in 
an oxygen tent at once and continue this for liours or days as is in- 
dicated by the patient’s reactions. Intravenous instillations of 5 per 
cent glucose in normal saline solution alternated unth 5 per cent glucose 
in distilled water are given so that the urinaiy output is brought to 
1,000 or 1,500 c.c. per day. Ten minims of Lugol’s solution are added 
to each intravenous infusion until 30 minims per twenty-four hours 
have been given. Morphine is given in sufficient doses so tliat the patient 
rests quietly. 

Careful attention must be paid to the lungs in these cases and chemo- 
therapy with the appropriate sulfonamide drug started at once if anj’ 
suggestion of xmeumonia is present. 

Following surgery (whether this is directed at tlie thyroid gland or 
elsewhere), patients ndth hyperthyroidism tend to show evidence of 
iiicreased load on the circulation. Tlie pulse rate quickens and the blood 
])ressure sometimes rises. The systolic pressure rises proportionately 
more than the diastolic xiressui-e. There are accompanying evidences 
of hurried circulation. Altlmugh there is much individual variation, 
the average curve of the load on tlie circulation appears to rise slowly 
during the first twenty-four hours, then rise abruptly. Then, during 
the thirty-six to forly-eiglit liours following the operation there is, typ- 
ically, a rapid lessening of the load toward normal. In some, the return 
toward normal is delayed for several days even though there are no 
apparent complications. Durtng this period when the ”circulatoiy load 
appears to be high, other symptoms of increased hyperthyroidism may 
appear. 

Congestive heart failure rarely appeal's for the first time folloudng 
oiieiation, although in jiatients who have had heart failure previously 
and in the rarer cases in Avhich the patients liave to be operated upon 
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■while actually in congestive heart failure, signs of failure may 3'e- 
appear or be somewhat aggravated. Elderly patients and those with 
other complicating heart conditions should have special care, to spare 
the heart unnecessaiy strains. They must have adequate rest, sedation, 
nursing care, and oxygen, if needed, and in particular the}' must have 
their fluid administration carefully controlled so that there is an ade- 
quate supply but not an excess. It is easy to overcrowd the circula- 
tion and produce signs of congestive heart failure by heedless forcing 
of fluids to old people or those with a cardiac condition. It sometimes 
produces violent attacks of paroxy.smal dyspnea. For such thyvo- 
eardiacs or potential thyroeardiacs, it should be a rule to visit each 
one frequently, and always before any large amount of fluid is given; 
routine orders for fluid administration must not be relied upon. A 
nurse should stand by the patient while intravenous fluid is given, 
with instimctions to stop the administi'ation instantly if respiratory dis- 
tress or quickened breathing appears. 

As is commonly known, hyperthyroidism tends to cause auricular 
fibrillation. It is a ‘"law” that if hyperthyroidism causes auricular 
fibrillation, when the hyperthyroidism is adequately treated the auricu- 
lar fibrillation will disappear. Therefore, many patients who have 
auricular fibrillation when first seen return to normal rhythm when 
the hyperthyroidism is treated. No treatment directed at the auricular 
fibrillation is needed except control of the rate by digitalis. A long 
time should be allowed to go by following surgery before special medi- 
cation other than digitalis is indicated in an attempt to restore normal 
rhythm. 

Patients who have nomal heart rhythm when operated upon fre- 
quently develop auricular fibrillation during the postoperative period 
when the load on the circulation is high. Those who have had transient 
attacks of auricular fibrillation before operation are most likely to 
develop it during the critical postoperative period. Among tho.se who 
have not had it previously, it rarely appears po.stoperatively in patients 
under 40 years of age. It appears moi-e and more often as age ad- 
vances. The severity of the hypertliyroidism and the postoperative 
reaction are also factors. 

The appearance of auricular fibrillation in a patient following thy- 
roid .surgerj- is not cause for alarm. Nor does it indicate drastic 
therapeutic efforts. It does indicate watchfulness, close attention to the 
patient’s wants and comfort, and thoughtful treatment vuth digitalis 
or drugs v-ith similar action. For years we have used digitalis in the 
control of the rale in auricular fibrillation in hyperthyroidism with 
gratifying effect. f>ur rules for its use are as follows: We do not 
use digitalis in patients who have normal rhythm. Rare exceptions to 
this I'ule would he (1) patients with complicating serious heart disease, 
and we sometimes digitalize cai’efully (2) patients who have had re- 
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peated attacks of transient auricular fibrillation, since they are almost 
certain to ha%'e a return of the auricular filirillation postoperatively, 
and we can anticipate this comfortably by leisurely digitalization in 
preparation for operation. 

Some variations in the strength of digitali.s jircparation are to be 
expected, and some variation in tlie tolerance of individuals to the 
drug. Slight over digitalization, if not long-continued or severe, is 
usually not actually dangerous. But it can cause distressing and even 
serious symptoms. At best, it is uncomfortable for the patient. 

Until recently, we have given from one-lialf to two-thirds of the 
estimated full dosage at tlie first dose, and tlicn three-grain or one and 
one-half grain doses evci'y eight houi-s until the heart rate is satisfac- 
torily controlled or until toxic symjitoms appear. We then maintain 
the action by suitable dailj'- doses under supervision. 

This plan has worked well, but by this metliod there is usually a delay 
of man 3 ^ hours before tlie patient’s cii'culation has i-eceived the full 
benefit of the drug action. Recently we have used a preparation of 
Lanatoside 0, intravenously. We have used for the initial dose approxi- 
mately 6.5 eat units. There may be a prompt and appreciable response. 
On several occasions normal rhythm has appeared within less than one- 
half hour after the first intravenous dose, but often considerably more 
has been needed, either intravenously or by mouth or rectum, befoi'e 
the pulse rate has lieen satisfactorily controlled. We are still learning 
about the amount and timing of the dosages, and therefore do not recom- 
mend any fixed procedure. But we believe that the intravenous use of 
Lanatoside C is a distinct advance in the treatment of auricular fibrilla- 
tion when it first appears, and when the patient has not had digitalis 
within two weeks. 

Auricular flutter occasionally occurs postoperatively and is regarded 
and treated like auricular fibrillation. Other paroxysmal tachycardias 
are no more likely to occur after thyroid than after other operations. 

Since hyperthyroidism and mj\\edema rarely if ever appear as im- 
mediate postoperative complications in thvroid cases, they are not 
discussed in this paper. 

Tetanj^^, g, t, m, xi occurs after thyroid surgery if the blood supply of 
the parathyroids is partly destroj-ed or if a sufficient number of para- 
thyroid glands are removed to reduce markedly their secretion. Post- 
operative tetany is rare and is usually transient. We have seen one 
transient ease in our last 1,000 thyroidectomies. 

Tetany may be suspected if typical carpopedal spasms and other 
muscular contractions occur hours or days after a thyroidectomy. 
Trousseau’s and Chvostek’s signs when positive make the diagnosis 
quite certain. Examination of the blood calcium will show it to be low. 
Occasionally postoperative tetany will have a sudden onset and the 
patient will have such muscular spasms that breathing and swallowing 
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ai’e rapidly and seriously affected. Ilere there is no time for blood 
calcium studies. Active measures must be undertaken at once. 

In such acute eases from 5 to 10 c.c. of 10 per cent calcium chloride 
should be given at once intravenously, mixed with 100 c.c. of normal 
saline solution to prevent sloughing. Tliis is effective in a matter of 
minutes and controls the acute spasms. Calcium lactate, from 2.5 to 
4 Gm. dissolved in hot water, every two to four hours along with two 
to three teaspoons of cod-liver oil daily assists the calcium metabolism. 
Calcium lactate, lacing less irritant, is sometimes given intravenously 
instead of calcium chloride and refiuircs no saline solution for dilution. 
Occasionally parathormone extract subcutaneously may be used. Pem- 
berton and Stalker” feel that A.T.IO with calcium lactate may be the 
easiest way to treat chronic ])aratliyroid deficiency. All such therapy 
must be carefully followed and repealed blood calcium studies made. 

Severe ocular complications'® may follow thyroid surgery in patients 
having marked exophthalmos. These may he due to injury to the 
cornea during the adjustment of the anesthetist's mask, or other types 
of trauma and infection in eyes left unj)i-olected by incomplete closure 
of lids. Such eye complications should be seen and treated at once by 
an ophthalmologist. The thyroid surgeon and his team must be pai*- 
ticularly careful before, during, aiid after operation, in the care of the 
eyes of the patients who have pronounced exophthalmos. 

The scar® after a successful thyroidectomy is usually the only re- 
minder that the patient has of her previous illness. In a few months 
all the symptoms that made thyroid surgeiy necessary will be forgotten, 
but the sear, especially if it is a bad one, will remain and will receive 
much attention; hence we lay great stress on the proper placing of the 
thyroid incision at operation and its care afterward. As previously 
stated, we remove aU the clips twenty -four hoiu’s after the operation; 
supeidieial di’ains are removed with the clips; if serum or blood collects 
under the skin flap it is immediately released by use of a very fine 
probe. ^Yhen the wound is healed there may be adherence between the 
sear and the fascia which causes an unsightly irregularity. This can be 
improved greatly by gentle massaging to lengthen the adhesion. We 
start this ten or twelve days after operation. Deep indui'ation and swell- 
ing may be present for five or six weeks in some cases, especially if tlie 
muscles have been cut. No treatment for this other than reassurance is 
needed. 

It is apparent that with adequate preoperative preparation of the 
toxic thyroid patient the most serious complication of thyroid surgery, 
postoperative storm, will be absent or mild. It is equally true that with 
increased teelmical skill the difficulties due to injurj'^ of recurrent 
laryngeal nerves or to parathj'i’oid glands can be avoided. Today the 
complications after thyroidectomy are chiefly those common to any 
operation, and like all surgical complications can be largely avoided 
by careful preparation for operation and a skillful operative technique. 
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THE PROBLEM OF THYROID CRISIS^ 

Robert W. Buxtox, JI.D., Axx Arbor, iliCH. 

(From the Department of Surgery, University of Michigan Hospital) 

D espite tlie great progress made in the last several decades in tlie 
recognition, treatment, and pj-e- and postoperative eai’e of patients 
with diseases of the thyroid gland, there is still that group of patients 
who suddenly and unexplaincdly, during the course of their disease, 
showed a profound and severe reaction designated as thyroid crisis. This 
interlude in the course of an apparently well-known disease is the 
cause of much speculation and the source of much medical conunent. 

As in all diseases re.sulting from a malfunctioning of the glands of 
internal seci*etion, there are all degrees of apparent dysfunction of the 
thyroid gland. Those patients exhibiting a marked disturbance of the 
central nervous system with overwhelming changes in the heat-regulat- 
ing mechanism and accentuation of all of the symptoms of thyrotoxicosis 
are adjudged in thyroid crisis. To many clinicians any sudden pre- 
or postoperative variation in this direction is termed crisis, while to 
others only those patients who progress and terminate fatally fall into 
this gi-oup. 

A wide clinical, pathologic, and physiologic search of the nervous sys- 
tem, the cardiovascular system, the liver, thymus, and adrenals, along 
with the physicochemical analy.sis of certain elements in the circulating 
body fluids in these patients has failed, to date, to shed any clear light 
upon a single factor to which the etiologj' of thyroid crisis can be solely 
attributed. Jluch of the recent experimental work has been carried out 
on this problem, and many of the clinical manife.stations of the patient 
in crisis reproduced and an explanation tendered. 

In an overall survey of the frequently reported cases, two outstanding 
clinical features appear common to all: (1) There is a progressive 
augmentation of all of the symptoms of thyrotoxicosis as it pertains 
to each of the great body .systems (central nervous system, cardiovas- 
cular system, and hepatorenal system) luitil recovery or death ensues. 
(2) The teraiinal clinical signs and symptoms and the necropsy findings 
emphasize a breakdown in one or more of these systems. There is no 
uniformity of findings and no pathognomonic features common to all 
cases. 

It is our impression that thyrotoxicosis is not a fatal disease when 
correctly treated, that thjToid crisis is not a specific entity, and tiial 
death in this state results from the various complications associated with 
the augmented metaboli.sm which are often injudiciously and inaccu- 
rately treated. 

•Aided by Tlie Janie.': and Elizabeth InBli.': Fund for Surgiral Re«r.nrch. 

Received for publication, July 10. 19J4. 
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The dealhs in thyroid crisis arc frcqneniiy “cardiac deaths,” at least 
lerminally, and tliis aspect has i-cceivcd universal attention. There arc 
at least tliree opinions concerning the effects of thyroid disease on the 
heart, ^ namely, (1) that thyrotoxicosis has no effect upon the heart ex- 


cept to increase the metaholic activity, (2) that the thyroid disease causes 
myocardial damage, hypertrophy of the heart, and various clinical 
cardiac manifestations, and (S') that thyrotoxicosis acts only as a cata- 
lytic agent and brings to the surface latent cardiovascular lesions. 

The work of Kaab- and of others suggests, as a fourth alteraativc, 
that increased production of cpinephrine-like substances may produce 
the myocardial hypertrophy and dilatation, the arrhythmias and the 
myocardial degeneration in ])atients with thyrotoxicosis. He has found 
abnormally high concentrations of “epinephrine-like catechols” or of 
epinephrine proper and sympathin in the heai-ts of the majority of a 
selected group of patients who died from cardiac failure. Certain hor- 
hormonal and nutritional factors were found to enhance the accumula- 
tion of the epinephrine-like catechols in the hearts of experimental ani- 
mals. Two of these factors which qualitatively increased this desired 
accumulation were an overdose of thyroxin and a vitamin deficiency. 
The fundamental role of sympathomimetic amines with a catechol nu- 
cleus in the generation of myocardial disease is further stressed by an 
abundance of observations regarding the experimental production of 
the characteristics of myocardial disease (arrhythmia, anoxic changes 
in the electrocardiogram, anginal pain, pulmonary edema, hypertrophy 
and dilatation of the heart, myocardial degeneration and necrosis, car- 
diac failure and death) through the administration of epinephrine and 
related amines. 


Crile® has pointed out that the known precipitating factors of thyroid 
disease (fear, anger, worrj^, infections, operations, pain, asphyxia, hemor- 
rhage, and physical exertion) are factors stimulating the adrenals. 

With some of these facts in mind Maddock and associates^ studied 
the concentration of epinephrine-like substances in the blood of patients 
with hyperthyroidism. No evidence Avas found of this substance in the 
peripheral venous blood of the majority of the patients who Avere re- 
sponding Avell to the routine preoperative treatment. In patients Avhose 
progress Avas not satisfactory and in AA^hom fever Avas present, the test 
occasionally shoAved the presence of a small amount of epinephrine-like 
substance. A feAV patients postoperatively shoAved a positive test, the 
highest values being obtained in tAvo patients of the group tested who 
developed severe thyroid crisis. In one of these, the patient Avho recov- 
ered, the epinephrine test became negative about the time the crisis sub- 
sided. 


After correlation of these facts and findings, one may assume that 
the clinical cardiac findings and the cardiac deaths resuiting in thyro- 
toxicosis and thyroid crisis folloAv excessive concentration of the sympa- 
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thomimctic amines in cardiac m\iscle. The effect of tlie sympathomimetic 
amines npon the oxygen uptake in cardiac muscle and therefore the 
effect of diminished oxygen pressures or aiioxia is not ^veil known. 

Perhaps the most outstanding features, and certainly the most stack- 
ing in tlnu'oid crisis, arc those of the central nervous system. They are 
in general the symptoms produced by an anoxic anoxia. In milder 
eases of thyroid crisis, patients have the general features of “mountain 
sickness,’’ a feeling of Avell-bcing, exhilaration, talkativeness, emotional 
outbursts (such as laughing and crying), quarrelsomeness, and develop- 
ment of fixed ideas. Tlie symptoms of fulminating crisis arc those of a 
severe, acute oxygen depiavation, namely, delirium, mania, hyperpyrexia, 
and coma. 

Since Slagnus-Lery, in 1896, .suggested that the thyroid honnone 
might act either directly on tissues or indirectly by rvay of the nervous 
system, numerous attempts have been made to locate its site and manner 
of action. An outstanding contribution to tliis problem was made by 
Cohen and Cerard" in 1937. These rvoi'kcrs and others have shoum 
in experimental animals that the respiration of individual cells is en- 
hanced by thyroid hormonal action, for an increased oxygen consumption 
by hyperthyroid tissues persists in A’iti'o. The oxygen consumption of 
hyperthyroid brains is approximately four times as much as that of 
noi'mal brains on adding substrates Avhich are involved in carbohydrate 
oxidation and glycolysis. Analysis of the respiration changes, induced 
I)y aceelei'ators, methylene blue and eresyl blue, and .such inhibitors as 
cyatiide, malonatc, iodoacotato, arseiiite, barbital, and urethane, indicates 
that the absolute concentration of various enzjune systems is greater in 
hyperthyroid than in normal brain and that certain deh 3 "drogenases 
are increased relativelj’ more than oxidases. Tliis work has been further 
investigated bj- Kessler and 6cIlhorn,' who found the sensitiAuty of un- 
anesthetized animals to lowered oxygen pressure Avas greatly accentuated 
folloAving the administration of thj’roid powder. Tlie electroencephalo- 
gram was the method used to record these results. 

One maA" conclude from these statements that maiiA' of the abnormal 
manifestations in the central nervous sj'stem seen in crisis are the resuli.s 
of anoxia and follow the presence of excessive amounts of cireulatin.a 
thyroid hormone. It has long been knoAAm that the effect of administered 
synthetic thyroxine develops sIoavI.v (about seA'en hours) and la.sls for 
a long time (five to six AVeeks).’^ The usual manife.stations seen posl- 
opcratively may avcII not reach their maxiimnn effect for from eight to 
ten da.vs. 

The profound and striking disturbances in the heat-regnlating mech- 
anism in thyrotoxicosis and tliAToid crisis have evoked little experi- 
mental observation. It is knoAvn that the stimulation of the autonomic 
centers by artificial fevers produced AAuth typhoid A'aceiues results from 
the stimulation of the sympathetieoadrenal SA'stem in the normal and 
A-agotomized experimental animal.® The clinical and experimental stud- 
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ies carried out by Goclscli and Eilzmann® indicate Dial the hnicrthermia 
is due to the action o£ epinephrine, whose effect is apparently enhanced 
in hypertliyroidism. 

Jaundice has been noted and recorded on many occasions as a com- 
plication of tliyrotoxicosis and particularly of thyroid crisis, jilany 
studies have been carried out to determine whether there is any relation- 
ship between liver damage and the ]>roduotion of thyroid crisis, pai-- 
ticularly that which has oecuri’od posto]ieratively. No definite, con- 
sistent relation.ship has heen noted and no prognostic evidence is forth- 
coming to date. T{cgardle.ss of these facts the oceasional patient .shows 
profound evidence of liver damage in the conise of his disease. In a 
few instances the clinical picture has apparently warranted a diagnosis 
of acute yellow atrophy. The most consistent change in the function 
of livers in patients with hyperthyroidism is their inability to store 
glycogen and to convert levulosc in large amounts to dextrose. With 
prolonged thyroid feeding experimentally there is a profound decrease 
in liver, muscle, and heart glycogen. At this stage liver glycogen is 
easily mobilizable. 

One might be tempted to ask whether epinephrine has anything to do 
with the liver damage seen in thyrotoxicosis; Perazzo’s''’ work suggests 
that it has. He found well-advanced fatty degeneration of the liver 
with moderate doses of the drug. 

The pathologic findings in the liver of patients dying Avith clinical 
and pathologic evidence of hyperthju’oidism have been I'eported by 
many authors. There is some lack of universal agreement in the uniform 
location of the histopathologic changes. All are in agreement that the 
changes are neither pathognomonic nor of clear prognostic import. 
Weller^^ describes a patchy parenchymatous interlobular hepatitis. 
Beaver and Pemberton'^ distinguish three predominant types of lesions 
in exophthalmic goiter: (1) Acute degenerative lesions (fatty meta- 
morphosis, focal and central necrosis, and changes secondaiy to stasis 
of blood); (2) simple atrophy; and (3) subacute toxic atrophy and 
toxic cirrhosis. The lesions described in the third classification appear 
among older patients, in AAdiom the disease is of longer duration and of 
more than the average severity. Lord and Andrus^^ have more recently 
outlined the liver findings in their series of patients Aidth thyrotoxicosis. 
They likeAvise describe three characteristic clianges common to all pa- 
tients: (1) Large droplets of fat diffusely distributed in the parenchy- 
mal cells; (2) central necrosis of the hepatic cords Avith marked in- 
filtration of the necrotic areas by polymorplionuclears and erythrocytes, 
and (3) connective tissue proliferation in the portal areas Avith an in- 
filtration of IjTuphocytes. Jfclver and Winter” have studied the 
deleterious effects of anoxia on the liA'crs of experimental animals made 
hyperthyroid by the injection of crystalline thyroxin. Their animals 
AA’cre then subjected to periods of reduecd oxygen concentration. The 
histopathologic picture of these animals sIioavs extensive necrosis of the 
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liver cells about the central areas with some inflammatory’’ cell infiltra- 
tion in the portal areas. The earliest changes consisted of fatty meta- 
morphosis and engorgement of the blood vessels in the central areas. 

The liver elianges just described can be produced by ano.xia of an 
anoxic ty^pe hi experimental animals in apparent hypertliyroid .states; 
the correlation may be more than fortuitous. At present it would seem 
to us that the hepatic changes appearing in patients with hyperthyroid- 
ism and in thyroid crisis may well be explained on a basis of chronic 
anoxia in an organ already^ .showing an increased oxy’gen consumption 
and glycogen depletion. There is at this time no substantial proof that 
the thyroid honnone in either exophthalmic or adenomatous goiter con- 
tains a direct cydotoxic element. 

On the assumption that the opinions and facts as stated here are cor- 
rect, an attempt has been made to correlate these with the findings on 
patients upon whom a diagnosis of thyroid crisis has been made. A 
small series of consecutive patients, seen over a period extending between 
the yrars 1934 to 1943 on the medical and .sui-gieal services of the Uni- 
vei-sity of j\Iichigan Hospital, has been reviewed. Well over one-half 
of these patients died in “thyroid crisis.” The greater portion of them 
were between the ages of 40 to 70 yrars. A toxic adenomatous goiter 
was seen in a ratio of 2 :1 over the Graves ' constitution thyroid. Close 
inspection of the records of these patients and the clinical findings 
present during the stage of crisis along with the available necropsy 
findings in those patients who died revealed that in every instance 
one or more factors were present to which the immediate cause 
of the profound symptoms and of death could be Avell attributed. A 
list of these factors includes diabetes mellitus with coma, pulmonary 
edema and congestion, atelectasis, hepatitis and cirrhosis, wound infec- 
tion, ovei’sedation, cardiac failure, pneumonia, septicemia, and over- 
digitalization. Baydey^^® and Eansom and Ba.vley'^’® have made an 
analytic study^ of the pre- and postoperative fatalities due to thymoid 
crisis. Both authors emphasize certain factors in the prevention of 
ei-isis with the hope of avoiding them in the future. 

The precipitating factors in preoperative crisis as summarized by’ 
them are as follows : 

1. Delay in admitting toxic patients to the liospital 

2. Surgical proceedings not directed at control of hy’perthy’- . 
roidism 

3. Infections of a wide variety 

4. Various minor diagnoses and therapeutic procedures 

5. Inadequate sedation 

We are in agreement with these conclusions. Infections, minor 
diagnostic and therapeutic procedures, and injudicious surgical pro- 
cedures not directed at the control of an existing hyperthyroidism may 
undoubtedly enhance the oxygen needs of critical tissues as well as 
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precipitate a profound stimulation of tlie sympatheticoadrenal S3'stem. 
The role wliicli these factors play in hyperthyroidism has been discussed. 
Bajdej’^''^ in his studj" was grcatlj' impressed 1)3' that group of patients in 
whom insomnia appeared to pla3’’ a critical role in the production of 
crisis. His statement that “the value of sleep could not have been ap- 
preciated sufficiently in some of these older cases” is well taken. How- 
ever, we are not in complete accord with his suggested choice of medica- 
tion in the control of insoimiia. 



•P, Pantopon, gr. 

M, Morphine sulfate, gr. %■ 

Fig. 1. — Oversedation in the postoperative period after thyroidectomy. 

The most striking and outstanding cases in our series Avere those in 
Avhich oversedation of the patient played a predominant part in the 
production of the signs and symptoms. In tAvo patients a proved drug 
sensitivit3' AA'as present. In each of the patients there Avas a prompt, 
rising crescendo of all of the S3Tnptoins of crisis as large, frequent 
doses of sedatives and hypnotics Avere given. With increasing symptoms 
the frequency of drug administration, and often the amount, Avas stepped 
up, folloAved by a further increase in s3miptoms — a vicious e3'ele. Prompt 
improvement seemed apparent Avitli diminution or cessation of these 
drugs (Pig. 1). 



GOITEK IN CHILDREN 

■JoHX deJ. Pembertox, M.D.j axd B. Mardex Black, IM.D. 
Rochester, Mixx. 

(From the Division of Surgery, The Mayo Clinic) 

G oiter iu children differs sufficiently from goiter in adults to war- 
rant some special study, particularly since goiter iu children is un- 
usual and experience in its management is limited. Prom reports in the 
literature’' it would seem that there is disagreement as to whether the 
treatment of hyperthyroidism of children should be medical or surgical. 
Surgeons do not agree as to the amount of thyroid tissue that should he 
left behind at the time of thyroidectomy and the frequency with Avhich 
carcinoma is encountered in nodular goiters of children is not fully ap- 
preciated. 

With these and other diff'erences in mind, a review of the cases of 
goiter in which the patients were children 14 .veal’s of age or le.ss, en- 
countered at the ilayo Clinic from 190S through 1943, was undertaken 
and the results form the basis for this report. With the exception of 
adenomatous goiter with hyperth.vroidism, which has not been en- 
countered in children at the clinic, all of the major diseases of the 
thyroid gland which affect adults have been seen in children. Because 
of the number of cases involved, the I’eport will be largely conceroed 
■with exophthalmic goiter, adenomatous goiter without hj'perthyroidism, 
and oarcinoma of the thyroid gland. The series includes 189 cases of 
exophthalmic goiter, 70 cases of adenomatous goiter, 18 cases of car- 
cinoma of the thju’oid gland, and 3 eases of thyroiditis.^* 

EXOPHTHALAIIC GOITER 

Although exophthalmic goiter is the disease of the thyroid gland that 
is of commonest occurrence among children, patients 14 years of age 
or less mth exophthahnic goiter constitute a small proportion of all pa- 
tients suffering from this disea.se. Thus, at the clinic, from 1908 to 
1943, inclusive, exophthalmic goiter was encountered in only 189 chil- 
dren. Furthermore, although the disea.se ma.v have its onset even 
in infanc.v. it is distinctly rare before the age of 9 or 10 years and more 
than 80 per cent of children with exophthalmic goiter seen at the 
clinic were between 10 and 14 yeai’s of age. In children, as in adults, 
more females than males have the disease. The ratio of females to 
male.s in the group vas .5.9:1. 

The clinical picture of exophthalmic goiter in children is e.ssentiall}’ 
the same as that seen in adults, with the exception that late results of 
the untreated disease are seen far less frequently than in adults. For 

•Prior to 1917, the ages of patients with goiter who were not operated on were 
not indexed. Because of this, children with nodular goiters seen at the clinic from 
19^8 to 1917. who were not operated on, could not be included in the studj'* 
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tlie most part, the patients were seen at the clinic after the sjnnptoms 
had persisted for less than one year, but tlie duration of symptoms 
in many cases was much longer. Ilelmholz' reported that nervousness 
was the most frequent complaint, followed by goiter, tachycardia, and 
exophthalmos in this order. Tachycardia was present in all cases, goiter 
in all but 2, nervousness in all but 2, and exophtiialnios in 25 of the 
30 eases in his series. He concluded that in children nervousness 
associated with goiter ivas very suggestive of the diagnosis of exoph- 
thalmic goiter. The findings in relation to symptoms in Dinsmore’s*'’ 
series of 57 cases were similar to those reported by Helmholz. Nev- 
ousness or goiter was the first symptom noted by the patient or his 
parents in 70 per cent of Dinsinore’s cases and tachycardia was found 
in all. Less reliance can be ])laced on the basal metabolic rates of 
children than of adults; first, because of apprehension on the part of 
the children and, second, because the standards for children would 
seem to be less dependable than those for adults. Of considerable aid 
in the diagnosis of exophthalmic goiter in children, as in adults, is the 
charactei'istie response to administration of iodine. 

Evaluation of the intensity of the disease i]i children is less exact 
than in adults and, as a rule, children suiferiug from exophthalmic 
goiter have a more severe disease than would be expected clinically. 
Experience has amply demonstrated that reactions to surgical measures, 
both at the time of operation and postoperatively, are likelj’- to be sur- 
prisinglj'- marked and, because of this, there is general agreement that 
thjToideetomy should be carried out in stages more frequently in chil- 
dren than in adults. Howevei’, judging from the more recent cases 
in the present series, it would seem that, with adequate preoperative 
preparation with iodine, the thjn-oidectomy usuallj’- can be done in one 
stage. Thus, the thyroidectoraj' was done at one sitting in 16 of the 
last 18 patients in whom treatment has been carried out at the clinic, 
and in two stages, approximately three mouths apart, in the remain- 
ing 2. Children should be given iodine in preparation for tliyroidec- 
tomy for a materially longer period than is necessary for adults. Gen- 
erally, although adults may be adequately prepared for opei’ation by 
receiving iodine for approximately ten days, children will require a 
period of at least three weeks on iodine before operation. 

Choice and Details of Treatment . — ^Although we believe that exoph- 
thalmic goiter in children is essentially the same disease as exoph- 
thalmic goiter in adults and that treatment in children, as in adults, 
should be subtotal thyx-oideetomjq it would seem that medical manage- 
ment by means of iodine and rest may be rarely employed, particularly 
in children with a mild form of the disease. Of 171 children with 
exophthalmic goiter seen at the clinic from 1908 to 1940, inclusive, 
Kennedy" was able to secure reports on the late results of treatment 
of 163, and of these 171, 25 had not been operated on at the clinic 
for various reasons. Seven of the 25 patients were subsequently 
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opei’ated on elsewhere and 4 patients had died, not necessarily of hyper- 
thyroidism. Of the 14 remaining patients, Kennedy considered the 
results of medical treatment to be good in 10, fair in 3, and poor in 1. 
Since the time of Kennedy’s report, 18 children with exophthalmic 
goiter have been seen at the clinic and in every case thyroidectomy has 
been performed. 

In .spite of the obvious technical difficulties of thyroidectomy in very 
young children, and in .spite of the increased tendency of children to 
react severely following surgical operatioji, the hospital mortality rate 
in the pre.sent series compares favorably with that following opera- 
tions on adults. In all, 164 children with exophthalmic goiter were 
operated on at the i\Iayo Clinic from 1008 to 1943, inclusive, with 8 
deaths, giving an over-all mortality rate of 4.9 per cent. Among 55 
children operated on prior to 1922, there Avere 5 deaths in the hospital, 
which would suggest that, prior to the days of iodine preparation of 
patients for surgical operation, the ri.sk to children was far gi’eater than 
that to adults. HoA\'e\’er, with adequate preopei’atiA'e pre])aration with 
iodine, the hospital mortality rate after thyroidectomy in children 
compares favorably Avith that of adults. Since 1921, then, 109 children 
haA’e been operated on at the clinie for exophthalmic goiter Avith 3 
deaths, or a hospital mortality rate of 2.8 per cent. 

There is disagi’eement in published i-eports as to the amount of thy- 
roid tissue that should be saved in carrying out subtotal thyroidectomy 
in children. Cattell,' Dinsmore,^ Abbott,® and others"’ expi’essed 
the belief that proportionately more thyroid tissue should be preserved 
in children than in adults and they emphasized the frequency and 
seriousness of niA-xederaa folloAving thyroidectomy in children. 'Welti, 
and Nixon,’" who quoted Means, conversely stressed the frequency of 
persistent hj'peithyroidi.sm and the high recurrence rate folJoAA'ing thy- 
roidectomy in children; they favored thyroidectomy at least as radical 
as that carried out in adults. In our opinion, the same relative amount 
of thyroid tissue should be preseiwed in children as in adults; and, in 
the present series, the thyroidectomies in children Avere for the most part 
neither more nor less radical than those done in adult patients. PoIIoav- 
ing such thyroidectomies both recurrence and myxedema are not uu- 
conunon. but we do not belicA'e the results of thyroidectomy would be 
bettered if greater or smaller remnants of thyroid Avere preserved. 

Late Rcs^idts . — It is evident, from the dWersity of opinion as to the 
amount of thAToid tissue that should be preseiwed at operation for 
exophthalmic goiter in children, that the results in relation to mA’xedema 
and recurrence are not entirely satisfactory. HoAA'ever, in general, the 
late results in children are good and the great majority of children 
Avith exophthalmic goiter remain well folloAving thyroidectomy. Ken- 
nedy" recently has reported the results folloAving thyroidectomy in chil- 
dren with exophthalmic goiter, 14 years of age or le.ss, seen at the clinic 
from 1908 to 1940, inclusiA-e. Of the 130 patients aa'Iio reeoA’ered from 
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operation and concerning -wlioni reports were received, there ivere 4 late 
deaths from liypertliyroidism ; in 12 eases recurrences liad developed, for 
whicli 17 operations had lieen performed, and in 19 cases Ioav basal 
metabolic rates or frank myxedema had developed. Eighteen other 
childi’en with exophthalmic goiter liaA'e been operated on at the clinic 
since Kennedy’s report, and in 1 patient of tliis group recurrent exoph- 
thalmic goiter has developed but so far has been successful!}" controlled 
vdth iodine ; in 6 patients frank myxedema has developed. Follow-up 
in this group of 18 patients has not been continued for longer than four 
years. 

The results follovnng operations performed since the introduction of 
medication Avith iodine have been materially better than those of the 
time before iodine Avas used. In the group of 46 patients operated on 
prior to 1922, and concerning AAdiom folloAv-up data are available, there 
Avere 6 recurrences, 3 late deatlis from hyperthyroidism and 2 Avith 
myxedema or Ioav basal metabolic rates. Of the 102 patients subjected 
to operation since 1921, and concerning whom folloAv-up data are avail- 
able, 7 have had reeun'ences, 1 has died of liypertliyroidism, and 23 liaA'e 
developed myxedema or Ioav basal metabolic rates. Four of the patients 
Avho had recurrences were operated on betAveen 1922 and 1924, the fifth 
patient was treated in 1926, the sixth in 1930, and the last in 1939. 
The recurrence in this case Avas Avell controlled b}" means of iodine in 
1943. We do not regard the development of a low basal metabolic rate 
or of myxedema folloAving operation as serious as the necessity for a 
second operation because of recun'ent exoiihthalmic goiter. We belieA^e 
that because of the frequency of myxedema in children follOAving opera- 
tions on the thyroid gland, and because of the seriousness of unrecog- 
nized mj^xedema in children, they should be examined A"ery carefully 
tAvo or three months after thyroidectomy, and at subsequent inten^als, 
so that myxedema can be adequately treated AAuth desiccated thyroid 
before the child has suffered in any Avay. 

' ADENOMATOUS GOITER 

Adenomatous goiter in children is more unusual than exophthalmic 
goiter in the same age group. From 1917 through 1943 only 52 cases 
of adenomatous goiter in Avhieh the patients Avere 14 years of age or less 
Avere seen at the clinic, and in none of these cases Avas the basal metabolic 
rate significantly elevated. As both Helmholz^ and Keunedy^^ have 
pointed out previously, adenomatous goiter Avith hj'perthyroidism has 
not been encountered in children at the clinic so that, in our experience, 
hyperthyroidism in children is synonymous Avith exophthalmic goiter. 
The adenomas varied in size and number, and the same pathologic varia- 
tion as in adults Avas found in the appearance of the adenomatous tissue. 
The patients with adenomatous goiter ranged from neAA'born infants to 
children 14 years of age with the gi-eatest number of patients falling in 
the older age groups. Nodular enlargement of the thyroid, presumably 
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adenomatous goiter, lias been observed at the clinie in two newborn in- 
fants. As with other varieties of goiter, females were affected more fre- 
quently than males, the ratio in this group of patients being 2.7:1. 
Thirty-eight patients were treated by administration of iodine, of desic- 
cated thjwoid, or both, given either together or in alternate courses. 
Kenuedy^^ concluded from his studj’^ of the same series of cases that the 
results of treatment were variable in tliat in some patients the goiter be- 
came smaller while in others the size remained unchanged. Enlarge- 
ment of an adenoma during treatment Avas not observed. In those cases 
in Avhich definite adenomatous enlargement persisted it' Avas felt that 
subsequent surgical remoA^al probabl}’- Avould become necessary. 

Surgical treatment, either enucleation of the adenoma, lobectomy, or 
subtotal thyroidectomy Avas carried out in 14 patients. There Avere no 
deaths in the series. In 2 patients the basal metabolic rate postopera- 
tAely was so Ioaa’ that desiccated thj’roid AA'as administered, although 
sufficient time Avas not alloAved to elapse in either case for the possible 
deA^elopment of the clinical signs of myxedema. 

Apart from the obvious indications for surgical treatment AA'hich have 
to do AA'ith the size of the goiter and its mechanical effects on surround- 
ing stimctures, the possibility of malignancy is often the most important 
indication for exploration of a nodular goiter in an infant or child. 
Prom 1908 through 1943, of the patients 14 years of age or less, 53 AAuth 
nodular goiter Averc operated on at the clinic.*" Of these, 32 Avere found 
to have adenomas, in 3 the nodularity AA'as due to thyj'oiditis, and the 
remaining patients, 18 in all, had carcinomas of the thjwoid gland. 
Stated differently, 1 of 3 nodular goiters in patients in this age group 
that have been explored surgically have proved to be carcinomas. It 
should be pointed out that in many of these cases a correct preoperative 
diagnosis Avas made, but in many other cases, as in adults, the presence 
or absence of maligmancy Avas determined Avith certainty only at the 
time of operation. 

CARCINOMA ' 

Eighteen patients 14 years of age or less, AAuth carcinoma of the thy- 
roid gland, Avere seen at the ilayo Clinic from 1908 through 1943. Ken- 
nedy^^ reported that only 6 ca.ses of carcinoma of the thyroid gland had 
been reported in the American literature during the tAventy years prior 
to 1935 and he estimated that approximately 1 per cent of carcinomas of 
the thyroid gland occurred in children. One of us (Pemberton^*) 
found that of a series of 774 ijroA'ed eases of carcinoma of the thju’oid 
gland, 17 of the patients AA'^ere less than 20 years of age, and 4 patients 
Avere le.ss than 10 years of age. In each of the 18 cases in the present 
series the diagnosis Avas confirmed liistologically from study either of 
the resected specimen or of tissue i-emoved for biopsy. In 2 eases, the 
specimen for biopsy was remoA'cd elsewhere but the tissue Avas examined 
here at the time that the patient Avas examined clinically. Carcinoma 


*Soo footnote page 750. 
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of the thyroid gland occurs about twice as often in females as in males, 
while in this series in children 15 patients were females and 3 were 
males. The age at wliich symptoms were first noted varied from 12 
years to that of a newhoru infant. The interval between the onset of 
sjuniitoms and treatment varied from 4 months to 10 years, and in 12 
of the 18 cases two years oi- more liad elapsed between the ap]iearanee 
of the first symptoin.s and Irealraent. 

Enlargement of the thyi’oid gland or of cervical lymph nodes was in 
every ca.se the first sign of carcinoma of the thyroid. In 5 cases the 
enlarged ceiwical nodes were fai- more obvions than enlargement of the 
thjwoid, which in some cases was so little evident that it was not noted 
in the clinical record. When a ma.ss was present in the thyroid gland 
it usually was described as hard and in*egnlar, and involved only a jmr- 
tioii of the thyroid. In more advanced eases, as in adidts, fixation to 
surrounding stnictures had occurred and .symptoms of hoarseness and 
dyspnea were occasionally present. In only I ca.se were extensive sys- 
temic effects pi’esent when the patient was firet seen. Progressive en- 
largement of the tnmor in the thyroid was noted in several eases but 
sudden enlargement of a pre-existing mass in the thyroid was noted 
rax’ely. 

The tissue diagnosis was papillary adenocarcinoma, grade 1 in 12 
cases; adenocarcinoma, grade 2 in 2 ca.ses; adenocarcinoma, grade 4 in 
1 case; papillaiy adenocarcinoma, grade 2 in 1 ca.se; and adenocar- 
cinoma, grade 1 in 2 cases. The malignant tissue was noted to he in a 
fetal adenoma in 1 case of papillary adenocaremoma and in 1 ease of 
adenocarcinoma, grade 1. Metastasis had developed at the time when 
the patient was first seen in 11 cases and cervical lymph nodes w^ere in- 
volved in all of these cases. In addition, 2 patients had pulmonary 
metastatic groudhs at the first visit and in 2 other patients, later, pul- 
monary metastasis developed. The patient rvith the adenocarcinoma, 
grade 4 had metastatic involvement of the calvarium and spinal column 
when first seen at the clinic. 

•In 10 eases the lesion was considered operable in that it Avas possible 
to resect the involved tissue, but in the remaining 8, the disease was 
judged inoperable and biopsy only was done. In 2 of these eases tlie 
biop.sy wa.s carried out elseAvhei'e. In 16 patients ii’radiatiou therapj" 
was carried out here and in 1 case such therapy was carried out else- 
where, while the remaining patient died soon after surgical operation 
and before further treatment could be instituted. Tlie results of treat- 
ment depended largely on the extent of the malignancy, but as Avith 
cai-cinomas of Ioav grade of malignancy affecting the thyroid gland in 
adults, the time of suiwiA'al after eA'en palliatiA’C operations, combined 
AAuth adequate irradiation therapy, Avas often surprisinglj' long. 


THYROIDITIS 

There Avere 3 cases of thyroiditis in the series and in each ease the 
question of possible malignancy Avas raised clinically. One patient, a 
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boy 12 years of age, bad a diffusel,y enlarged but somewhat uodular 
thyroid. His basal metabolic rate Avas -19 per cent but there Avere no 
signs of mjTvedema. He AA'as treated AA'ith iodine and desiccated thyroid. 
In this case the diagnosis Avas not proA-ed. The other 2 patients Avere 
treated surgically. The thyroid of a boy of 13 years Avas firm, nodular, 
and slightly tender. The basal metabolic rate A\'as -6 per cent. Sub- 
total thyroidectomy Avas carried out and, folloAving the operation, the 
basal metabolic rate Avas -14 per cent. There aa'ci’c no signs of myxe- 
dema. The last patient, a girl of 13 years, had a firm, iiodular thyroid 
Avith a basal metabolic rate of -13 pei' cent. Subtotal thyroidectomy 
AA’as carried out. 

ADOLESCENT GOITEIJ 

It is difficult to make anj' .statement eoneerniug the incidence of 
adolescent goiter in children, because different obserA'ers do not agree 
as to Avhat constitutes an abnormal enlargement of the thyroid gland. 
It AA’oidd seem that diffuse, sj'mmetrical enlargement of the thyroid 
gland is rarely seen at the clinic in children 14 years of age or le.ss and 
that the condition is A^ery unusual prior to the onset of puberty. In 
most patients seen at the clinic. Avhen a frank goiter Avas encountered 
in this age group, the condition Avas treated Avith iodine, desiccated 
thj’Toid, or both. In some, after such treatment had been instituted, 
the diffuse enlargement of the thyroid gland AA-as reduced so that 
adenomas became palpable. Such cases liaA-e been considered under the 
heading of adenomatous goiters. In the A’eiy early yeax’S covered by the 
study, seA'^eral patients Avith lai*ge, adolescent goiters AA’ere operated on, 
but such patients have not been encountered at the clinic for many 
years. 

SUMMARY 

Fi’om 1908 through 1943, 189 childi'en 14 years of age or less with 
exophthalmic goiter were seen at the ilayo Clinic. In most cases 
thyroidectomy was carried out at the clinic, but 14 patients were treated 
medically with results that wei’e considered good in 10, fair, in 3, and 
poor in 1. Thjn-oideetomj^ was pei’fomned in 164 patients, 8 dying Avhile 
in the hospital. Fifty-fiA'e patients Avere operated on during the period 
before medication Avith iodine was instituted, Avith 5 deaths. One hun- 
dred nine children haA’e been operated on after haAdng been prepared 
for operation Avitli iodine, with 3 deaths, for a hospital mortality rate 
of 2.8 per cent. Since the use of iodine began, the late results after 
thyroidectomy haA^e been satisfactory. In the group of 102 patients who 
suiwived operation done since the use of iodine Avas instituted, and on 
AA’liom folloAv-up data ai-e aA’ailable, 1 patient died from the results of 
hyperthyi'oidism. 7 patients liaA'e had recuiTeut exoixhthalmic goitei', 
and 23 patients developed Ioav basal metabolic rates or mj-xedema. 

Fifty-two children 14 years of age or less AAuth adenomatous goiter 
Avere seen at the elinie from 1917 through 1943. In no case AA’as the 



I’EMBEKTON AND BIjACK: GOITKK IN CUILDKEN 


7G3 


basal iiictabolie rate elevated and adenoinatons goiter ■with li^jiei- 
tliyroidism lias never been enconntci’cd in children at the clinic, h onr- 
teen patients were operated on and the remainder were treated 
medically. The adenomas seemed to differ in no way from those found 
in the goiters of adults. 

Prom 1908 through 1943, 53 children with nodular goiters were 
operated on here. In 32 eases the nodularity was caused by adenomas, 
in 3 cases by thyroiditis, and in IS cases by malignancy. In 5 eases 
of carcinoma, enlarged cervical lymph nodes overshadowed the enlarge- 
ment of the thyroid but, in the other 13 eases, the nodularity was largely 
confined to the thyroid gland. Thus, 1 in 3 nodular goiters in children, 
for which operation has been perfonned at the clinic, have been malig- 
nant. 

In 17 of the 18 children ndth carcinmna of the thyroid gland, the 
tissue diagnosis was adenocarcinoma of malignancy either grade 1 or 
grade 2. Thirteen oi the adenocarcinomas were of the papillary type, 
and 2 were noted to have developed in fetal adenomas. In 1 case the 
adenocarcinoma was of malignancy grade 4. Tlie lesion was .indged 
operable in 10 cases, inoperable in 8. In every ease in which metastasis 
had developed, 11 in all, the cervical bunph nodes were involved; in 4 
cases pulmonary metastasis developed and in 1 ease metastatic tissiie 
was found in the calvarium and spinal column. Whether the lesion was 
resected or not, irradiation therapj' was carried ont except in 1 case, 
in which death occurred following biopsy. 
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GOITER IN THE SOUTHERN STATES 

Howard i^Iatiorxeu, jM.D., New Ori.eaxs, La. 

G oiter is not common in the soiitJiern siatc.s. Although south- 
ern surgeons Imve contril)Ulcd in a meager proportion to the 
literature on goiter, in recent years more and more pa])crs have ap- 
peared from this section showing at last a growing realization that 
though most of the South is not an endemic goiter region, its peoples 
have goiter not infreciuently and in some sections in surprisingly high 
incidence. In the coastal states of the South, goiters in Negroes 
offer unique problems not observed in like prominence in series 
from endemic goiter i-egions of the nation. The distribution of 
goiter in the South is irregular. In general the ineidcnce is low, but 
in sporadic sections not truly goiter belts, more goiter is found than 
is average for the South. Goiter is pi’obably encountered most, com- 
monly in the mountainous regions, j^articularly in the more thickly 
settled parts of the Appalachian i-ange. Brenizer and McKnighU re- 
poi’ted 7,500 goiter operations performed by them in Charlotte, N, C., 
over a period of twenty-eight years. S. L. Ledbotter,“ of Birming- 
ham, and Earle Drcnnen,® of Birmingham, each have perfonned over 
1,000 operations for goiter. Scruggs^ reported that in 123 hospitals 
affiliated with the Duke Foundation, or 85 per cent of the ho.spitals of 
North Carolina, there were 893 thyroid operations perfoi’med in 1938. 
Hayne“ found goiters in 3.8 per cent of 17,600 people examined through- 
out South Carolina. Davison and Poer® reported 542 cases of goiter 
from the records of the Henry Grady Hospital and from their own 
practice in Atlanta covering a period of ten years. They stated that 
during 1935 there were only 350 operations for goiter in the entire state 
of Georgia. In 1939, Mahorner and Barrow'^ repoi’ted 248 patients 
with goiter among 52,863 patients admitted in one year to Charity 
Ho.spital in New Orleans (1 to 213). Only 105 patients of this group 
wore operated upon for goiter. Lehman and Shearburn® found 401 
•sm-gical goiter patients among 87,661 admitted to the Univemity of 
Virginia Hospital over a period of twelve years. Less than 0.1 per 
cent of men from the southern states examined for the draft in World 
War I showed goiter,® whereas, in the same draft examinations from 
1.5 to 3 per cent of the men from the Northwest and Great Lakes 
Regions were found to have goiter. All of these reports from different 
sections of the South attest to the relative infrequency of goiter and 
to the few surgeons with large experience in this field. In spite of the 
fact that goiters are not as common as they are in endemic goiter 
regions, thyroid diseases of all variety and all degrees of severity are 
encountered in the South. 

Received for publication. July 10. 19-14. 
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Goiters occur more frequently in the southern part of Louisiana than 
in the central and northern areas of the state. 01e.seid® in his report 
on the distrilnition of endemic goiter in the United Stales revealed 
some astounding figures. In parishes (the counties of other states) in 
the southern part of Louisiana the incidence of goiter in ehildrcn was 
stated to be from 35 to 55 per cent in boys and from 38 to TO per cent 
in girls. This estimate is far from correct. Even thougli it is well 
appreciated that more goiter is found in the flat southeastern part of 
Louisiana, it is obvious to those of ns who see patients from the par- 
ishes around New Orleans, that goiters are not as common as Olesen’s 
figures indicate. 

I computed^^ the number of goiter patients admitted in 1938 to three 
charity hospitals in Louisiana, at Lafayette, Shreveport, and New 
Orleans. They were divided according to the parish from which they 
came. The number of patients admitted from southem parishes was 
greater than the number admitted from other sections; and this not 
only was true of total number of patients admitted, it was also true 
expressed as the incidence of goiter per 10,000 inhabitants of each par- 
ish. Thus from Orleans parish there were 1.9 per 10,000, from 
Lafourche, Terrebonne and St. Beimard parishes adjacent to Orleans 
there were 2.15, 3.0, and 5.5, respectively, per 10,000 inhabitants. In 
northern parishes the incidence was 0.5 to 1.5 per 10,000. This is ad- 
mittedly a very gross and inexact method of estimating the distribu- 
tion of goiter, mainly because it is incomplete, does not include all 
hospitals, and does include only indigent patients of the state in one 
3 ’-ear. However, these findings corroborate the impression long since 
held by the profession of this conunnnity that goiter is not uncommon 
among peoples inhabiting the banks of cei'tain bayous. These rivers, 
often veiy deep, Avere oi'iginally estuaries of the Mississippi Biver. The 
surrounding lands are flat and low and frequently marsly and were 
formed bj" alluvial deposits of the Mississippi River. The diet of the 
people inhabiting this area consists presumably of much sea foods, 
and the iodine content of their A'egetables is relatively high. The people 
themselves along these baj-ous recognize that nodular goiters are common. 
The explanation as to why the people in this low flat area should have 
more goitex^ than those in the i-est of Louisiana is not available. All 
the soil of this area was brought domi the river possibly from the 
upper Mississippi and the Ohio Rivers, xvlxich drain goiter belts. A 
positive goiterogenic factor thus may have been transported, but an- 
other engaging thought is the possibility of a negative factor being 
responsible for the goiters. The water supply for many of these fam- 
ibes is rain water from cistenxs. 

ifany reports from the South show a high mortality for thyroid sur- 
gery. Tliis in general is true and Ixas nsually been explained by less 
experience with the management of the disease. However, there is 
danger of being overapologetic for the higher mortalit.v, for a few 
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southern surgeons record mortality rates for thyroidectomy whieli are 
unsurpassed in excellence. Drenncn’- in Birmingliam reported 300 
thyroidectomies witli 1 death. Jn Ids entire .series of over 1,100 opex*a- 
tions for goiter, he lias had Init 5 dcatlis,-'’ a mortality of ]e.ss than one- 
half of 1 per cent. Ledbetter- in the .same city, since 1029, has per- 
formed over 1,400 operations with no deaths. Scrugg.s'' of Charlotte, 
N, C.. reported 256 operations for goiter with 1 death. "While these 
three series are not large, they attest to excellent surgical judgment 
and technique. 



Pig. 1. — A Xegro woman, aged 5S years, with severe exojihtiialmic goiter before, 
and one year after, operation. Tlic operation was done in stages under unfavorable 
hospital facilities with good result Goiters of this type in the Negro race desen'C 
management with extra caution. 

llany southern authors have called attention to the higher mortalit.v 
in Xegi’o patients. Goitere occur as frequently or more frequently in 
the Negi’o race than in the white i-ace.” Lehman and Shearburn re- 
ported 401 thyroidectomies in a twelve-year period at the Univei’sity 
of Virginia Hospital. The mortality was almost entirely in the Negro 
race. The mortality figures for white patients was 0.84 per cent and 
for Negroes 9.4 per cent. They could not explain the higher mortalit.v 
in Negroes after an analysis of data, and they believe that the disease 
in the Negi’o may be siu’gieally a separate problem. Bigger’^ also ad- 
mitted a hijflicr mortality in the Negro and tliinks it due in part to 
malnutrition and vitamin deficiency in that race, llaes, Boyce and 
irePetrich (1936)’'* reported the total mortality for thyroid operations 
as .">,7 jier cent in the Chailty Hospital series. The deaths (medical) 
from goiter in patients not opei'ated upon for the same period ex- 
ceeded the postoperative deaths. In Negro men with toxie goiter the 
mortality for thyroidectomy was 25 per cent. i\Iaes believes that thy- 
roid disease Ls a severer and graver condition in the Negro man than 
the same disea.se in white individuals. In a later publication Boyce^^ 
reported 817 surgical thyroid cases from the same institution (Charity 
Hospital) and again called attention to the high mortality in the Negro. 
The total mortality was 5.3 per cent. The moi-tality foUoudng tliy- 
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roidectoniy for toxic goiter was higher in the Negro race (12.58 per 
cent) than in the white race (6.93 per cent). ITc says the rea.son for 
this disproportion exi.sting liafflcs explanation. ITerrnninn’'’ reported 40 
Negroes among 729 patients with goiter admitted to the surgical serv- 
ice of the Lakeside Hospital, Cleveland. He could find no difference 
in the severity of the disease or in the response to treatment between 
Negro and native white jieople. While it is true that various series 
show a higher mortality for thyroid surgery in the Negro, a highei' 
mortality for hjiierthyroidism in the Negro without surgery has nol 
been reported. Should this be true it would be a significant finding, 
particularly in such series as those from Cliarity Hospital where the 
medical deaths exceeded tliose following surgery. 



Fig. 2. — A Ne^ro woman, aged 38 years, before and after operation for a huge 
toxic nodular goiter (weight approximately GOO Gm.). The substernal portion was 
also very’ large. On admission she had cardiac decompensation. She came from lower 
Mississippi where goiter is not common. This is an example of the extent to wdiich 
sporadic goiter may develop m a nonendemic area. Slie became perfectly well follow- 
ing thyroidectomy. 


I have had a higher mortality for thyroidectomy in Negroes, how- 
ever, my impressions of the causes for this are not in accord ivith some 
of the previously expressed reasons. As far as I can observe the dis- 
ease is similar in course and average severity in the Negro. The re- 
sponse to preoperative preparation is less prompt and less decided in 
tlie Negro, hut that in my experience is due to less favorable physical 
surroundings such as noise, crowding, too many visitors, and ward hos- 
pitalization in very liot, poorly ventilated space equipped only with basic 
essentials. Facilities entii-ely devoid of luxuries may he of no sig- 
nificance in the favorable outcome for most patients, but for the 
severely sick patient a luxury may become an essential and be a de- 
ciding factor in recoveiy. 

During 1942. 1943, and 1944 (through October) on my services at 
Touro Infirmary, tlie Baptist Hospital, and the Eye, Ear, Nose, and 
Tliroat Hospital, I performed 110 operations for goiter on 101 patients. 
Seven of the patients had multiple stage operations (tvo patients had 
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tliree operations). This is a very small group of patients, hut in this 
section of the country it may not be considered small and is representa- 
tive of goiters as they are encountered here. Indeed, practically all 
variety of goiters were encountered. 

Sixty-one patients represented the while race Avhereas forty Avere 
Negroes. There Avere only 7 men to .94 Avomen, a ratio of 1 to 13. 

Fifty-five of the patients had toxic goiters and forty-six nontoxic 
nodular goiters. The pathologist reported Ilashimoto’s disease in Iavo 
instances. Four patients had substernal goiters. One patient Avith a 
toxic goiter Avas a child (girl) aged 13 years. 

Of the patients AAfiio had nraltiple stage operations, five Avere Avhite 
and tAvo Avere Negroes. Taa'o patients died folloAAdng operation. 
Both AA^ere colored AA’omen AA'ith toxic diffuse (exophthalmic) goitcra. 
Both deaths occurred postoperatively AA-ithin Iavo days, presumably of 
thjToid crises. These Iaa'o deaths AA'cre both prcA'cntable and could 
have been avoided by stage operations. Other patients in this group 
AA'ere more sevei’ely toxic and aa'ci’c graver i‘i.shs, yet they AA'ere carried 
successfully through their operations. Each of the Iavo Negro patients 
AAdio died had far less faA'orable phy.sical surroundings for their illness, 
yet I must admit that the judgment as to the time and extent of opera- 
tion Avas exerted just as if they AA-erc surrounded AAulh the excessiA’e 
luxuries afforded by many of the other patients in this group. The 
deficiencies in the facilities of the Negro patients should be countered 
AA'ith more cautiousness, AA’hich means more prolonged and more careful 
preparation and moT'c frequent stage operations, not. fcAver than in 
Avhite patients. 

In my experience it has not been po.ssible to produce conditions for 
Negro patients entirely favorable to surgeiy for toxic goiter. The eco- 
nomic part is largely the ansAver, for even though they may be very 
sick, a bed in a Avard together Avith patients AA'ith A'arious other condi- 
tions, entailing the commotion and excitement of A'isitors and many 
people in the room at one time, is frequently the best condition avail- 
able for the important period of prcopei'ative preparation and post- 
operative care. Even if the economy factor could be obviated there 
are others AA'hich often prevent optimum conditions and facilities being 
an’auged for some of these A'ery sick patients. Moreover, in the Negro 
there is an additional chance on the part of the surgeon for misjudg- 
ment of the proper time and extent of operation in toxic goiter. Ordi- 
narily the Negro tolerates surgery Avell. His constitution and endur- 
ance are usually good. This should not confuse one but it probably 
has confused many. Moreover, no matter hoAV sincerelj' the surgeon 
AAnshes to ignore them for better CA'idence upon Avhich to base the sound- 
est judgment, economic conditions in this day of croAA'ded liospitals, 
even if the patient is provided for by eleemosynary funds, sometimes 
influence judgment to hasten the operation date. Other factors result- 
ing from the relath-e infrequency of the condition in the South, such as 
technical erroi-s, contribute to the higher mortalities, but it appears 
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that the main lesson to be learned fi‘ora these repeated ro])orts of higher 
mortality in the Negro is a lesson in .indgment, namely, tlie necessity 
of being more wary, more cant ions, when dealing with goiter in that 
race than when dealing with a condition of similar severity in a white 
patient. It is already well established that elderly individuals and 
children do not tolerate operation as well as those in middle decades. 
Goiter in the Negro should be added to these groups to emphasize the 
increased cautiousness which might be absolutely essential to obtaining 
a satisfactorily low mortality. This is not, as it might .seem, a conti-a- 
diction ; the risk for the Negi'o race is still equivalent to tlie risk for 
the white race, but extra precautions must be taken to offset the phys- 
ical handicaps in their hospitalization and other elements in .indgment 
as to the proper time and the proper extent of o])eration. 


SUMMARY 


Goiter is not common in the southern states. It occurs most fre- 
quently in the mountainous areas. A few southern surgeons, however, 
report mortality rates for thyroid surgery which are unsurpassed in 
excellence. 

The mortality for thyroid surgery in the Negro is in general higher 
than that for white patients. Poorer facilities for hospitalization and 
impetuous judgment may be the dominating factor in this higher mor- 
tality rate. A group of seventy patients from my private services is 
reported. 
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THYROIDITIS 


Nathan A. Womack, M.D., St. Louis, jMo. 

(From the Departvient of Surgery, Washington University School of Medicine 
and the Barnes Hospital) 

T hyroiditis, when defined as the reaction of the thyroid gland to 
injury, is commonplace. Degenerative changes with subsequent 
fibrosis are demon.strable in most nodular goiters and probably play 
an important part in the formation of the nodularity. The thyroid 
is a labile organ and responds functionally in the maintenance of 
oxygen consumption at a certain level. Frequently in physiologic and 
pathologic states of stress, such an increase in function is required in 
the maintenance of homeostasis. With this increase in function there is 
often a demonstrable morphologic alteration in individual cells and 
even groups of acini.^ As a result of the interplay of several factors 
residual damage may be seen as evidenced by change in acinous size 
and shape, extravasation of colloid into the surrounding stroma, vas- 
cular damage, fibrosis, and even calcification. These changes are char- 
acteristically seen in nodular goiters and, in the broad sense, represent 
inflammation. In this consideration of the subject of inflammation of 
the thyroid gland, however, thyroiditis will be discussed in which the 
inflammatory process per se is apparentlj" the cause of symptoms. 
These are usually encountered clinically under three main types: (1) 
acute suppurative thyroiditis; (2) acute nonsuppurative thyroiditis; 
(3) chronic degenerative thyroiditis. 

ACUTE SUPPURATIVE THYROIDITIS 

Acute suppurations are of bacterial origin, and strangely enough, are 
extremely uncommon, when compared to the frequency of metastatic 
abscesses in many other organs of the body. The thyroid gland seems 
to possess a definite resistance to local infection. In unpublished 
work, Cole and F found that when pure cultures of streptococci and 
staphylococci were injected directly into the superior thyroid artery 
of dogs, abscess formation rarely followed. This was the experience 
of Roger and Gamier^ in a more elaborate series of experiments. And 
yet these infections are obviously embolic when they do occur, either 
being associated with a generalized .septicemia or following shoi’tly 
after an acute infection in the pharynx or upper respiratory tract. 
Tlie most conmion organisms encountered are the staphylococcus and 
streptococcus groups, although almost any type may be present. We 
have encountered the colon bacillus on two occasions and the typhoid 
bacillus once. 

Keceived for publication, July 10. 1911. 
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The onset of the disease is often abrupt, being associated with chills 
occasionally, but always fever and local evidence of inflammation. 
Pain is. the outstanding symptom. Because of the close relationship 
with the ribbon muscles of the neck, and the resulting spasm of these 
structures, the patient prefers to keep the neck in flexion, often in a 
sittiuig posture. Swallowing is painful and even hoarseness may be 
encountered. While the abscesses at first may be nndtiple, they are 
generally limited to one lobe or the isthmus. As a result, along with 
the diffuse swelling present in the neek, there may be present eccentric 
swelling. Where the isthmus of the thyroid is involved the depression 
above the sternal notch is often filled. The thyroid gland can usually 
be palpated but the outlines are masked by edema, and examination 
is difficult because of tenderness. 

The systemic reaction to the infection is usually mai-ked, perhaps 
due to the organ involved as well as its relation to the respiratory 
tract. Rupture into the trachea may occur but this is rare. If un- 
treated, extension into the deep spaces of the neek is the most common 
sequela, and this is of grave consequence. 

Since the advent of chemotherapy, acute suppuration of the thyroid 
gland is becoming less frequent. However, when an abscess does 
occur, surgical drainage is indicated along with suitable chemothera- 
peutic measures. Adequate oxygen intake is of the greatest impor*- 
tanee and the use of the oxygen tent is advisable. The surgical in- 
cision must give adequate drainage, and this will entail a good exposure 
of the part. At the same time, care must be taken not to break 
through the inflammatory barriers of the neck more than is necessary, 
and in particular, pathways to the mediastinum must be protected. 

Cases are on record in which so much thyroid tissue was destroyed 
by the infectioir that myxedema resulted. This, however, is extremely 
rare, and a good result should be obtained although this, to a large 
extent, will depend on the severity of the generalized infection, of 
which the suppuration in the thyroid is a part. 

ACUTE NONSUPPURATIVE THYROIDITIS 

Nonsuppurative acute thyroiditis is seen more frequently than the 
suppurative type, and yet very little is known about it. It is recog- 
nized by its clinical manifestations, but surgical interference is seldom 
indicated, and adequate bacteriologic and morphologic observations are, 
therefore, not available. In rdew of the fact that about one-half of the 
patients will give a histoiy of recent niiper respiratory tract infection 
and that occasionally the process goes on to suppuration, it is probable 
that the instigating factor in the inflammation is bacterial. 

The spiptomatology resembles the suppurative type in. character, 
but not in extent. The onset is not so abrupt and the general manifes- 
tations are mild. Fever is slight or absent. The thyroid is enlarged 
and tender, but swelling and tenderness throughout the soft tissues 
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are generally considered at the present time as representing different 
pathologic pictures, and presenting different clinical syndromes.’-’ 

A critical opinion, however, on the evidence in suppoit of two distinct 
pathologic entities is certainly equivocal. 

When these lesions are considered as separate entities, the dominant 
characteristic of Riedel’s disease is fibrosis. In about one-third of the 
reported eases, this has been limited to one lobe or a part of one lobe. 
Extraglandular fibrosis, however, is present in later stages as has been 
seen in earlier reported cases. The involved gland is hard and white 
and usually not appreciablj’- enlarged, although when the surrounding 
muscles and large vessels are involved, the outlines of the gland are 
not too distinct. 

In the earlier stages, this fibrous tissue maj' be very cellular and 
there is a considerable infiltration of cells of the lymphocytic series 
often with follicle formation. Si^pposedly, one of the most character- 
istic features is the thyroid parenchyma. It is often enmeshed in the 
fibrosing process, but the thyroid acini arc said to be normal. This 
has not been our experience. Careful study of the thyroid acini has 
shown definite evidence of cellular in.iury in most instances and this 
injury has resulted in hyperplasia, metaplasia, and what apparently 
is the retention of secretory pi'oducts in the cytoplasm resembling the 
so-called Hiirthle cell. Cell death is the end result. This may be 
gradual, the acinus becoming smaller and smaller, or many cells may 
degenerate at once leaving unabsoi’bed colloid in the stroma. At 
such time, giant cell reaction is present, and the giant cell often takes 
on bizarre appearances because of the reseml)lance of the colloid to 
its cytoplasms. It is quite possible that the rapidity of this process 
may determine the degree of the inflammatoi'y reaction. 

The most conspicuous clinical features are related to the fibrosis. 
If this is mild, a slightly eidargcd, very hard gland may be the present- 
ing symptom. As fibrosis progresses, and more thyroid tissue is de- 
stroyed, evidence of hypofunction of the gland may he present. Often 
in the very early stages, however, a slight hyperfunction may exist for 
a short while. Invasion of adjacent structures by the fibroblasts 
brings on symptoms of obstruction. Compression of the jugular veins 
with resulting edema, and pressure’ on the esophagus causing dysphagia 
are usually earlier than severe tracheal obstruction. When the lesion is 
limited to one lobe, respiratory difficulty maj’’ appear, due to tracheal 
displacement. Recurrent laryngeal neirv’e involvement is extremely rare. 

The most difficult lesion to exclude is cancer, and while often one may 
make the presumptive diagnosis of Riedel’s struma, certainty is usiTally 
not established until operation, and even then microscopic examination 
of the tissue may be necessary. The massive fibrosing type is extremely 
rare, apparently may occur in the relatively young although this has 
not been our experience, and males are freqi\ently affected. 

The treatment is entirely related to relief or prevention of obstruc- 
tion. When only one lobe or a part of a lobe is involved, resection of 
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this lobe and the istlnmis is generally feasible. Where the entire gland 
and eontignons slnictnres are involved, subtotal resection is usually 
fraught with consideralde danger and removal of the isthmus in order 
to free the trachea may be all that can safely be accomplished. There 
hai’^e been several favorable reports from the use of x-ray therapy but 
this has been with the more cellular type of lesion. 

The classical picture of struma lymphoniatosa as it is generally con- 
sidered presents several differences. The entire gland is usually in- 
volved when the patient first presents herself, although not necessarily 
so. The gland is lobulated, very thick, and the surface smooth. The 
only extra glandular attachments encountered ai’c tracheal, and these 
never extensive. Tins gross picture is easily explained when the gland 
is studied microscopically. The yellow tvabeculated, meaty appear- 
ance of the cut surface is due to lymphoid overgrowth. Lymphoid 
follicles are prominent, but the lymphocytes themselves as well as the 
sti-ueture of the follicle differ in type in no way from those encoun- 
tered less extensively in exophthalmic goiter, .status thymolymphaticus, 
or even Riedel’s stimma. The chief difference appears to be a quanti- 
tative one. In the earlier stages the gland is friable, but later it is 
more resilient as fibrosis increases. One of the impressive microscopic 
lesions is in the thyioid parenclijnna. The Iliirthle cell type of degen- 
eration described in Riedel’s struma is much more marked and almost 
universal. Giant cell reaction about the colloid is also moi'e jironounced. 
Fibrosis is present in varying amounts and it is perhaps the relation- 
ship between the relative amounts of lymphoid follicle tissue and fibrosis 
that has led to most of the confusion in classifying various types of 
thyroiditis. 

The clinical picture associated with the type of lesion found in struma 
lymphomatosa has lieen for the most part vague and associated with the 
mild compressive symptoms that one would anticipate. Neither hji-per- 
thyroidism nor hypothyroidism are, as a rule, outstanding in most early 
cases. After thyroidectomy, hypothyroidism is frequently observed. It 
is stated that these patients are practically always 50 jmars old or more. 
It is also generally stated that the lesion does not occur in men. One 
may readily question the statistical accuracy of such statements as being 
based on entirely too small a number of clinical observations. 

Surgical extirpation of most of the gland has been the treatment of 
choice, jffost operations have been performed with a mistaken diagnosis, 
and one may well donbt the value of surgical extirpation where ohstruc- 
(ion is not important. Often hypothyroidism is the end result and this 
certainly is not prevented by surgery. Following thyroidectomy hoarse- 
ness may be present for many months. Where a diagnosis could be 
established, radiation has been reported to be of value.^-' It would seem 
that here, as in Riedel’s struma, the chief damage produced by this 
lesion is that of obstruction, and here the indication for surgical extir- 
pation must lie. 
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As has been stated there exists a considerable controversy as to tlie 
relationship between Riedel’s struma and Hashimoto’s type of stnima 
Ijonphomatosa. In isolated, well-defined types, there seems to be a 
definite difference in the clinical, picture. Clinical s.'^mdi'omes, however, 
owe their existence to underlying pathologic disturbance, and the an- 
swer to the question will be much easier to obtain by an analysis of the 
pathologic picture, rather than a study of statistical reports. It seems 
apparent from a consideration of the microscopic appea7ance of these 
two lesions that they present a quantitative, rather than a qualitative, 
difference, and the symptoms that ensue are i-elated to the predominance 
of a particular type of inflammatory reaction. In Riedel’s goiter, it is 
fibrosis; in liashimoto’s type it is hnnphoid overgrowtii. Often both 
have been noted in almost equal amounts, and this has led to discussions 
as to classification that have not been too illuminating. 

It has been assumed l}y some that the fil)rosis is an end stage of the 
Ijnnphadenoid type, but evidence to support this very logical as.siunp- 
tion is not too apparent. 0])servations have lieen recorded on cases in 
which microscopic studies have been made at intervals of two years'® 
and thirteen years*' with no great amount of change in tlie microscopic 
picture. It is therefore much more likely that they lupresent parallel 
manifestations of the same underlying injuiy. 

Infections of various types have been thought at times to play a part 
in the production of these changes. Ciiltures of the glands whenever 
done have, for the most part, been sterile, and such changes were not 
encountered when bacteria were injected dii'ectly in the .superior thyi’oid 
arteries of dogs and rabbits by Cole and me.' This does not meaii, how- 
ever, that infection may not play an indirect role. Upper respiratoiy 
tract infections have been frequently noted in the eases reported, and 
while this association may be fortuitous, it still must be borne in mind. 
It has been suggested recently" that Riedel’s thyroiditis may be the 
result of a peritlij-roiditis with vascular occlusion. That it may be the 
result of iodine effect''* has been considered, and IMcCarrison'' has repro- 
duced a lesion in rats showing a definite microscopic resemblance to 
struma ljunphomatosa, by certain dietary deficiencies. SIcKnight" has 
suggested that the inflammation is secondary to an obscure biochemical 
iri'itant probably produced by the patient. None of these etiological 
concepts, however, fits the complete clinical picture. 

As has been stated, the interstitial Imnphoid nodules with their germi- 
nal centers differ in no way except in amount from those seen in other 
Uiyroid lesions and in jjarticularly exophthalmic goiter. All of these 
lesions seem to represent functional aberration on the part of the entire 
gland or some of its cells, and wherever hunphoid hyperplasia is seen in 
the thyroid there usually is evidence of an unusual absorption of secre- 
tory products or of cellular degeneration and breakdown. It is not a 
constant finding with all functional atrophy, hoAvever, as it is not com- 
monly seen following anterior lobe hj'pophyseetomy in the experimental 
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animal or in Simmoncls’ disease. Again, as may be noted in Fig. 1, 
neither Ijnnphoid iiyperplasia nor fibrosis is seen in atrophy where the 
human gland has been exposed to large amounts of radiation. The loose 
acellular collagen here surrounds minute acini, and probably represents 
the result of the action of the irradiation on the vascular apparatus. 

However, there are times in which an inflammatory reaction to colloid 
is most marked, and whether the colloid undergoes a chemical change 
as has been suggested by Slallory,--’ tiic reaction seems to be related 
definitely to its fatty acid content as has been demonstrated by Fer- 
guson.^® lie showed that in disintegrating follicles as a result of the 
hydrolysis of the lipids in the colloid and epithelium an extensive inflam- 
matory reaction may occur with giant cell formation, lymphoid hyiicr- 
plasia, and fibroplasia. Goetsch, however, believes the giant cells are 














Fig. 1 — Effect of extensive x-ray therapy on thjToiC showing changes seconflary to 
avasciilarity. Note loose collagen fibrils and absence of dense fibrosis as rvcU as 
lymphoid reaction 


composed of a syncytium of degenerating thyroid cells and are not 
phagocytic, and he interprets them as evidence of the degenerative 
process that takes place in Riedel’s disease associated with the inflam- 
matory reaction. Fig. 2 illustrates this type of parenchymatous 
change as seen associated with marked reaction to the colloid and the 
degenerating thyroid parenchyma. 

Thus, degeneration of the thyroid cells and the colloid can be demon- 
strated as a fairly constant finding in chronic thyroiditis. The cause 
of this degeneration is not so easily found. Since this finding is so 
iinii Cl sally associated with function, endocrine interrelationships must 
necessarily he studied. Apparently the anterior lobe of the hypophy- 
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sis, tile islets of Langerhaiis, the parathyroids, and the adrenal medulla 
play no part. The sex hormones have been inadequately studied to 
warrant any definite conclusions. The effect of the adrenal cortex is 
much more suggestive. Lymphoid hyperplasia in adrenal cortical in- 
.sufficiency is an old observation, being most dramatically seen in the 
thymic enlargement that occurs in status thymoljmiphaticus. Pituitary 
adrenotrophic effect on lymphoid tissue mass has been recently demon- 
strated®® as has the action of adrenal cortical hormone in experimental 
leucemia suggested hormone effect on the lymphoid systems.®^* Similar 
changes in the thyroid as ive have noted in both the Riedel and the 
Hashimoto types of gland have been noted by many observers as being 
associated Avith adrenal cortical hypoplasia.®®'®'"' The adrenal lesion is 
more commonly that of a cytotoxic type of atrophj" rather than that 



■Pig. 2. — Inflammatory reaction to coUoiOl. There apparently has been i-apij' 
epithelial degeneration. Tliere are foam cells as well as giant cells around tlie col- 
loid suggesting a reaction to lipids. 


seen in tulierculous destruction. Pigs. 3 and 4 illukrale the resem- 
blance betAVP' n the thyroid seen in such adrenal insufficiency and 
Riedel’s str la, tvhile Figs. 5 and 6 compare the Hashimoto type of 
thyroiditis with an' ‘ . r area from the thyroid of the same patient ivith 
cortical in.sufficiencj . Wlien studied in great detail hut little difference 
is noted. IIoav.wli-. while it is not unusual to find such changes in the 
thyroid in Ihi^ type of adrenal cortical insufficiency, these changes hai’C 
also been noted in the thyroid in Avhieh the adrenal cortex ivas appar- 
ently normal. Jaffe has reported four such instances.®' In each of his 
eases extensive lymphocytic infiltration Avas noted, and in tAvo of them 
extensive fibrosis was present. In three of these eases the thyroid lesions 
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Fig. 3. — ^Area from Riedel’s struma illustrating fibrosis and round-cell infiltration. 



Fig. 4. — Area from thyroid gland of patient dving from 
cortical insufficiency showing similar changes ' to those 
struma. 


cytotoxic type of adrenal 
encountered in Riedel’s 
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Pig-. 6 — L>'Tiiphokl overgrowth and parenchymatous atrophy in thjToid of same patient 
as shown in Pig. 4. Compare with Hashimoto type of lesion seen in Pig. 5. 
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were incidental autopsy findings, Avitli no symptoms referable to the 
thyroid, while the fourth showed evidence of myxedema. The changes 
noted in the adrenal were, for the most part, slight and consisted chiefly 
in alteration in lipid dispersion. lie thus felt that the Ijnnphocytic 
infiltration and fibrosis so often seeir in the thju’oid in atrophy of the 
adrenal cortex “is not secondary to the destruction of the cortex but 
is a separate, although coordinate, procc.ss.’’ Furthermore, Scarcello 
and Goodale-” have descril)ed the autopsy findings in. a patient with 
struma lymphomatosa in vdiich no gross lesion was noted in the adrenal 
glands. Detailed microscoiiic observations were not given in their proto- 
col. The failure to note extensive morphologic changes in the adrenal, 
however, does not exclude functional alterations. 

In summary, therefore, some aspects of Riedel’s thyroiditis and llashi- 
moto’s struma Ijmiphomatosa miist still remain controversial. Several 
features, however, are becoming definite. They both represent inflam- 
matory processes, and are nonbaeterial in origin. While clinically they 
may present divergent pictures as a result of the type of inflammatory’’ 
change noted in the thyroid gland, pathologically this change is of the 
same basic type, and the divei'sions are quantitative rather than quali- 
tative. The IjTuphoid overgi-owth and the fibrosis are associated with a 
reaction to a peculiar type of parenchymatous degeneration which may 
be responsible for the inflammation, but may not be responsible entirely 
for the massive lymphocytic reaction. The cause of the degeneration of 
the thyroid cells needs to be investigated more fully. It is of great inter- 
est to note that identical changes in the thyroid are often seen in adrenal 
cortical insufficiency, even though at times they may also be present 
without demonstrable morphologic lesions in the adrenal cortex. Further 
studies of the endocrine relationships must be made, and in particular 
is there a dearth of information regarding the action of the sterid hor- 
mones of the sex glands. 
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HIALIGNANT GOITER 


Robertson "Ward, jM.D., San Francisco, CjVlif. 

(From the Department of Surgery, University of California Medical School) 

M alignancy is relatively rare ill the field of thyroid siirpry. 

However, it is important to know which types of goiter are likely 
to become malignant and which signs should arouse suspicion of malig- 
nant change. Cancer is almost unknown in exophthalmic goiter ; in- 
deed, so few cases have been reported that the diagnosis of exophthalmic 
goiter virtually eliminates the likelihood of its presence. In our series 
of 5,439 thyroidectomies there ivere 168 cases of cancer. Only one of 
these occurred in the exophthalmic type. It has been pointed out’’ 
that although diffuse toxic goiter rarely gh’es rise to carcinoma, the 
microscopic picture in certain regenerative hyperplastic goiters is diffi- 
cult to distinguish from that of malignant thyroid growths. 

RELATION OP NODULAR GOITER TO C/VRCINOJIA 

AVith diffuse toxic goiter eliminated from consideration, it will be 
seen that the problem of cancer of the thyroid gland revolves about 
nodular goiter. The logic of this is apparent on contemifiating the 
following facts. It has long been recognized and taught that a large 
proportion of malignant goiters haA’c their origin in malignant degen- 
eration of px’imarily benign and often long-standing tumors of the 
thyroid gland. Moreover, cancers of the thyroid, like those elsewhere, 
arise from a single focus, and in their local growth are seen as tumors 
or nodules rather than as diffuse infiltrations of the gland. Primary 
carcinoma arising in a previously normal thyroid gland, however, is 
lirobably not so rare as statistics would lead us to believe. Computed 
figures on this point are far from accurate for two reasons. First, 
many patients are unaware of the presence of fairly large goiters, and 
become conscious of them only when malignant change increases the 
rate of growth. Second, many primarily malignant goiters grow slowly 
or remain dormant for long periods of time. However, the mere fact 
that a tumor has existed for many years previous to its surgical re- 
moval does not necessarily indicate that the growth was benign at its 
inception. A recent review of the records of patients treated for 
goiter at the University of California Hospital during the past five 
years showed sixty-eight in which the history of pre-existing goiter 
seemed trustworthy. Of these sixty-eight, there were thirty-two in 
whom the history suggested very strongly that the tumor had been 
malignant from the onset. A number of ijatients were unaware that 
goiter had pre-existed the neoplasm, and in some the growth itself 
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•was discovered only after the removal of metastatic nodules in distant 
regions had led to examination of the thyroid gland. This illustrates 
that data obtained from questioning patients are notably inaccurate 
and may lead to false premises. In this connection, I reported thirty- 
sis malignant goiters in 1930d® concluding that 94 per cent ai’ose from 
goiters which had existed for varying periods of time before our ex- 
amination, and that only two of the thirty-six -were definitely not 
adenomatous in origin. In the light of recent experience. I now be- 
lieve this conclusion to be unjustified. 

The role played by pre-existing goiter as a source of carcinoma may 
have been decidedly overemphasized. However, in making a diag- 
nosis of malignancy or suspected malignancy, too mucli stress cannot 
be laid on the significance of the nodulai- type of goiter. Almost all 
malignant goiters are nodular. 


AGC 

In general, the age groups of patients affected by carcinoma of the 
thyroid are comparable to those of patients affected by carcinoma of 
other organs. Approximately two-thirds of these patients are seen in 
the three decades between 40 and 70 years of age, while less than one- 
fifth are afflicted before the age of 40 years. Tliere is, however, one 
rather remarkable feature which should be constantly borne in mind, 
namely, that malignancy appeai-s in aberrant thyroid tissue at a much 
earlier age. The accompanying graphs show that in a previously re- 
ported series’® the majority of malignancies occurring in laterally 
placed thyroid tissue were seeir in patients under the age of 30 years 
(Fig. 1). 

IXCIDEKCE 

The frequency Avith Avhich malignancy of the thjwoid gland occurs 
has never been determined, and accuracy in such an estimate is im- 
possible. There is little question, hoAvever. that geographical location 
and the incidence of nodular goiter are impoi'tant factors in its pro- 
duction.’* Wegelin’" concluded that Avhere goiter is endemic, malig- 
nant tumors of the thyroid occur in greater number. Wilson’® pointed 
out that Avhile autopsies in Bern, Sudtzez’land, shorved 1 death in 93 
from malignant goiter, the figures from the United States revealed 
only 1 deaih in 928 from this tj*pe. The incidence of malignancy in 
surgically treated goiters A-ai-ies from the high figures of 6.5 to almost 
10 per cent reported 1-y Koeher® and de Quervain’* in Switzerland, to 
less than 1 per cent i eported by Eberts and associates® in Canada. In 
the United States, he frequency is betAveen 1.5 and 2.5 per cent. 
In my latest compilation of statistics, the incidence Avas 168 malig- 
nancies in 5,439 surgically treated goiters, or 3 per cent. Of these 
5,439 cases in Avhich pathologic specimens Avere aAmilable for exami- 
nation, 1,900 could be eliminated as being of the diffuse type, leaA'ing 
168 malignancies in 3,539 cases, an incidence of 4.8 per cent. 
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SEX 

An interesting feature of sex ineiclonee wliicli has not received suffi- 
cient emphasis in the literature is that. Avhile the actual number of 
men with malignant goiter reported in all scries of cases is less than 
that of Avomen, the expectancy of carcinoma in men with nodular 
goiter is much greater. As T pointed out iu .1935 and again in 1940, 
although the proportion of .sui'gical goiters in nie.n compai-ed to Avomen 


AGE DISTRIBUTION OF PATIENTS 
WITH MALIGNANT LATERAL 
ABERRANT THYROIDS 
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AGE DISTRIBUTION OF 95 PATIENTS WITH 
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FIb. 1 — Graphs illustrating early age at which cancer of aberrant 
seen as contrasted with that of midline origin. 
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Table I 


Goitef. Statistics Ff.om Uxh'eusity op CAi.ironNiA Hospital TintouGii 1943 


SEX 

SURGICAL 

GOITERS 

TOXIC 

DIFFUSE 

GOITERS 

XODULAK 

GOITERS 

>rALlG- 

XANT 

GOITERS 

-MALIGXAXT TO 
KODULAR GOITERS 
RATIO PER CENT 

Male and Female 

5439 

1900 

3539 

lOcS 

1:21 

4.8 

Male 

fi9S 

33.) 

303 

41 

1 :90 

n.o 

Female 

4741 

1 .505 

3176 

127 

1:25 

4.0 

Male: Female 

1 :(!.S. 

1 :4.(; 

1 :8.7 

1 :3 




is about 1 to 7. the ratio of inaligiiant goiters is -1 in men to 8 or 4 in 
■women. Thus, in this series of patients Avith nodular goiter, there was 
1 carcinoma to each 17 men, but only 1 to each 44 Avomen. 

In the three years, 1941 to 1943 inclusiA’c, there Avere 102 surgical 
goiters in men at the UniA'er.sity of California Hospital. Sei'en of 
these proA’ed to be malignant, an incidence of 1 carcinoma to each 15 
patients operated upon. If the diffuse toxic goiters, of Avhich there 
Avere 52, are eliminated, the almost unbelicAmble figure is obtained in 
men of 1 malignant out of each 7 nodular goiters coming to snrgeiy, 
or 14 per cent. Table I shoAA's the eomparatiAm rate of malignancy in 
men and AA'omen in the present series. The point to be kept in mind 
is that in men nodular goiter is many times more likely to lie malig- 
nant than it is in Avomen. 


diagnosis 

A definite preoperath'e diagnosis of malignant goiter should seldom 
be made. If one Avmits for the textbook picture, the time for surgical 
cure has passed. All diagnostic signs of malignancy are based upon 
penetration of the capsule of the gland and inAuh’-ement of surround- 
ing tissues. The hoarseness results from infiltration of the recurrent 
neiwes; the fixation is caused by infiltration of the trachea or ribbon 
muscles; and the hardness is dependent upon the outAAUrd groAAdh of 
cancerous tissue to replace normal, soft thyroid gland. Of these three 
cardinal signs, all can be found in benign nodular goiter. Although 
rare, paralysis of one or the other laryngeal nei’A'e can be caused by 
pressure from a benign tumor. Dards^ found this to be true in 0.4 per 
cent of cases. Fixation comparable to that accompanying infilti’ation 
of surrotmding tissues can result from retro.sternal and retrotracheal 


T.vble II 

Pathologic Cl.vs.sii'icatiox of AIaltgxaxt Tujioes op Tiiyr.orD Gland Sho'^vixg 
Appkoxim.vte Peecextage of Tcjiors IX Each Group 



PATHOLOGIC CLASSIFICATION' 

PER CEXT 

Group I 

Papillary carcinoma 

36 

(low malignancy) 
Group II 

A. Alalignant adenoma, Eanghans 

22 

(moderate malignano 3 ') 

B. Jlalignant adenoma, fetal 

12 

Group III 
(hopeless) 

All others, including medullary, scirrhous, 
anaplastic carcinoma, sarcoma, and mixed 
tj-pes 

28 
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extensions of benign aclcnoinalons nodnlcs. The same hard consist - 
encj' as that eneountered in malignant goiter ^vill often be found in 
long-standing adenomatous nodules which liavc undergone calcareous 
degeneration. In this connection, however, it is not safe to assume 
that malignancy is absent because calcification in imrtions of the thy- 
roid gland has been demonstrated roentgenologically. Carcinomatous 
and calcareous degeneration in the same nodule (Fig. 2) is not infre- 
quent. Carcinoma may be suspected from the histoiy alone in cases 
in which a long-standing or sloivly growing tumor begins to increase 
rapidly in size and produce pressure symptoms. Operative treatment, 
should be recommended on presumptive evidence of this kind, and 
should not be defei'red until the iireviously mentioned cardinal sjnnp- 
tonis have developed. As will be pointed out in the discussion of prog- 
nosis, no delay is justified in order to assure a more certain diagnosis. 

DATUOLOGIC TYPES 

There have been almost as many cla.ssifications of malignant neo- 
plasms as there have been students of the subject. From a clinical 
point of view, the simplest classification which aids the surgeon to ar- 
rive at an accurate prognosis and institution of adequate therapy is 
the best. Most of the confusion in classifying cancer of the thyroid 
gland arises from a lack of uniformly accepted criteria of malignancy. 
Without going into detail regarding the diffei’ent arrangements in use, 
suffice it to state that these tumors must be grouped according to their 
characteristics of growth as well as their microscopic architecture. 
Any classification is difficult because of the extreme Amfiability pre- 
sented by the lesions and the absence of a definite dividing line be- 
tween benignancy and malignancy as judged by histologic studies. 
Criteria of malignancy based on cytologic changes alone are notori- 
ously unreliable. The immsiAm qualities of a tumor haAm come to be 
recognized as the most dependable indication of the presence of malig- 
nancy, as Avell as of its degree. Without tliis invasive quality, an 
encapsulated tumor cannot be said to be malignant, regardless of its 
microscopic pattern. 

A uniAmi’sally accepted classification would be of the greatest adAmn- 
tage in comparing parallel series of cases reported by different authors. 
Most AAU’iters have accepted Graham’s® criterion of malignancy, namely, 
invasion of blood A’-essels. To this has been added as definite evidence of 
malignancy, invasion of the capsule of the adenoma, of its lymphatics, 
or of surrounding thyroid tissue and muscle. The classification used by 
Clute and Warren- is Amluable. In their airangement, cases are roughly 
divided into three grades: those of Ioav or potential malignancy, those 
of moderate but not hopeless malignancy, and those of extreme or hope- 
less malignancy. The grouping used by me^® is still simpler ; it is based 
upon the reiiorts of many obseiwers that papillary tumors of the thyroid 
shoAv Ihe be.st prognosis. For this reason, all papillar.A^ tumors are 
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placed in a separate classification,- irrespective of tlicir origin m 
adenomas,' aberrant thyroid tissue, or tlic gland proper. Since few car- 
cinomas of the thyroid show a pure ccllnlar pattern, and since the re- 
sponse to radiation therapy as well as the prognosis is peculiarly de- 
pendent upon the presence and amount of papilliferons tissue, this 
classification is based upon the presence and proportionate quantity ol 
such tissue in the tumor. Roughly, from a prognostic and therapeutic 
standpoint, it is practical to arrange thyroid tiiinors in the following 
groups: Group I, papillary carcinomas; Group 11, malignant adenomas; 
Group III, all others, including scirrlion.s, small cell, and large cell 
types, undifferentiated carcinomas, and those ivliieh display a sarcoma- 
tous tendency (Table II) . . 

Group II is based upon gross findings, namely, an adenoma which has 
undergone malignant degeneration. lu order to compare this series 
with those of Continental observers, our group has been subdivided 
arbitrarily into; A, Laiiglians’ struma, tho.se tumors showing the pic- 
ture described by Langhaus as proliferating adenoma (wuchernde 
Struma) ; and B, all other malignancies arising in an adenoma called 
“fetal” for laelc of a more descriptive term. Fig. 3 illustrates varia- 
tions of the papillary design, Fig. 4 typical Langhans pattern, and Fig. 
5 a number of the more anaplastic tumors included in Group III. In 
the following section it will be seen how this classification is of value 
in reaching a more accurate prognosis. 

PROGNOSIS 

There are three principal factors upon which prognosis is based. 
These are the time of diagnosis, the pathologic pattern, and the presence 
of metastasis. A recent survey of the material available to me has shoum, 
as would he expected, that the easier the diagnosis the worse the prog- 
nosis. By dividing patients into three groups, as shown in Table III, it 
Avill be seen that of those liearing a preoperative diagnosis of malig- 
nancy or suspected malignancy, onlj^ 20 per cent sinndve for five years 
or longer. Of those in whom the malignancy is discovered first at the 
time of operation, 40 per cent survive five years. Eighty per cent in 
M'hom malignancy is first demonstrated upon section of the specimen 
removed live for five years, only one in five being likely to suffer recur- 
rence. This is understandable when it is recalled that diagnosis before 
operation is based on involvement of extrathyroid tissue, diagnosis at 

Table in 


Prognosis 


AFTER 5 YEARS 


PER CENT 

PER CENT 


DEAD 

LIVING 

Group I (carcinoma diagnosed or suspected) 

80 

20 

Group II (carcinoma diagnosed at operation) 

00 

40 

Group in (diagnosed first on pathologic examination) 

20 

80 
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SURGERY 



Fig. 5. — Throe tumors o£ Group III, hopeless malignancy. A (Xl50) Is a small-cell carcinoma from a patient (Case IG) 
in whom thyroid alveoli are inflltratod and destroyed by small round cells. B (XISO) is from the patient in Case G5, 
large-cell carcinoma showing leucocytic infiltration, a bad prognostic sign. Calcification, as shown in Fig. 2 A, was 
present in specimen from which B was taken. <7 (X120) shows sarcomatous degeneration. Average length of life of tite 
three patients illustrated was less than one year. 
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operation on penetialion of the capsule of tlie adenoma, and diagnosis 
in the laboialoiy only on minute gi-oss and micioscopic esamination ot 
the excised goiter tissue. 



A 

riS 1 — Roentgenograms (A 1 B) of chest ot 9lvcai-oU1 bo% (Cisc 42) whoso 
the*?! films show i similar pi r now at 22 ami who has dexeloped liijngeai 

pal ah SIS and local lecurren oiiU lecentlj thirteen \Gais after opeiation and n- 
ladiation Microphotograph umor from this patient is shown in Fig 4 B 

The second caidinal point in piognosis, the pathologic pattern of the 
tumor, IS well illvistiated in the chart showui in Fig 6 All hough this 
compilation was founded upon eight j -tour cases studied to 193S, a simi- 
lar trend has been shown since that time in double the number of cases 
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Tlic presence of a papillary pattern is so significant that, as previously 
indicated, the degree of malignancy apparently can be estimated for a 
given tumor by the extent of its departure from this pattern; the greater 
the extent of depaituie, the more malignant the tumor. The explana- 
tion for this iihenomenon is twofold : papillaiw tumors do not tend to 



B. 

Figr IB (Foi legend see opposite page.) 


invade blood Aessels, and are thus filtered through the cervical lym- 
phatics; in the series under discussion at least, papillary tumoi-s have 
been moie lesponsive to irradiation than the more cellular, anaplastic 
and undifferentiated growths. 
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The third prognostic point, metastasis, lias a value similar to that in 
malignancy of other organs The eventual outlook is poor in any case 
in which distant metastases have taken place. It should be remembered, 
however, that occasionally metastasis to the king will lie dormant for 
many years after removal of the primary tumor. One patient in this 
series is in apparent good health thirteen years after the lungs weie 
found to be riddled with miliary nodules (Pig. 7). Another has re- 
sponded well to radiation therapy of pulmonary metastases, and is alive 
and well three years after operation. 

Another feature peculiar to metastasis from the thyroid gland is the 
not infrequent occurrence of misnamed benign meta.stasizing goiter. 



Fig S — Malignant goiter (Case 118) priman lesion of %\hich was discovered only 
after removal of claviculai tumoi hid shown it to be of thjioid origin A and B shovv 
original clavicular tumor C <X30) entire pnmar> tumor of left lobe of thvroid 
gland D and F (Xl-0) sections of giowth fiom clavicle P (X120), section of pn- 
niai*> tumor 
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The thyroid origin of many nielaslalic lumoi-s fonnd in hone is recog- 
nized only on patliologic examination of Ihe involved section of bone. 
Like other observers, we have seen a number of these patients who 
had lived in apijarcnt good health for many years after removal of 
an isolated metastatic nodule and later thyroidectomy. In some cases 
the primary, lesion is microscopic, and is discovered only by serial .sec- 
tion of the entire thyroid gland. Fig. 8 illustrates .such a case. 

TRKATMKXT 

The discu.ssion of treatment is conveniently divided into three parts, 
depending upon the stage in which the disease is seen. These stages are 
prophylactic, definitive, and palliative. Pi‘ 0 ])hylactic treatment consists 
of the removal of nodular goiters so early that there is no preoperatiye 
suspicion of malignant change. For many years surgeons of experience 
have advocated extirpation of nodular goiters to avoid the danger of 
malignant degeneration. The statistics in this scries (1 carcinoma in 9 
men and 1 in 21 women operated on for nodular goiter) amply justify 
such a plan. This, in my opinion, provides abundant support for the 
recommendation of an operative procedure which carries as low a mor- 
tality and morbidity rate as thyroideetom 3 ^ The presence of a solitarj’’ 
adenoma in the thju'oid, the finding of lateral masses Avhich could be 
aberrant thjwoid tissue, or the history of onset of rapid growth in a 
previously quiescent nodular goiter makes such a recommendation ur- 
gent. In my experience it has been rare to care for a patient with malig- 
nant goiter who has not been told at some time bj’ a phj'^sician that the 
goiter was nontoxic and harmless, and that nothing should be done about 
it until signs of trouble appeared. 

The operation carried oiit under the heading of prophylaxis varies 
with the experience of the surgeon and his knowledge of gross pathologj*. 
The enucleation of adenomas has been advocated and practiced bj"- sur- 
geons of experience for j^ears. It is a relatively simple procedure, and 
is highly effective as a prophylactic measure. There have been times, 
however, when the pathologist has returned a report of malignancj^, 
previousl}^ unsuspected, Avhieh caused me to regret that I had not per- 
formed a lobectomy or a subtotal thyroidectomy. In selected instances 
of this kind, the surgeon is justified in an immediate reoperation to re- 
move the involved lobe and suspected soft tissue in the neighborhood. 
There are at least two patients in this series who have remained well for 
over fifteen years after such a procedure. In one, carcinoma was demon- 
strated in the specimen removed at the second operation; in the other, 
none was found. 

Any operation for the removal of adenomatous nodules should include 
a thorough exploration by palpation of the uninvolved lobe, and an ex- 
ploratory incision into that lobe if any doubt exists concerning the pres- 
ence of nodules. The operation is ineomifiete if a single encapsulated 
nodule is allowed to remain. 
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It carcinoma is suspected l)eforc operation, radical removal of the 
involved tissue should he planned. A long collar incision should be 
made, slightly higher than customary. It is occasionally advisable to 
extend one end of the incision upward, in hockey stick fashion, to facili- 
tate removal of submandibular extensions. The ribbon muscles should 
always be transected and, if infiltraled by tumor tissue, excised, a pi'O- 
cedure which does not militate against a good functional or cosmetic 
result. The operation .should be extensive enough to remove all involved 
structures and yet preserve at least one recurrent nerve, one parathy- 
roid gland, and both carotid arteries. Crilc and Crile^ described a satis- 
factory technique for .such an operation. If removal necessitates the 
sacrifice of one recurrent nerve this should be done, provided that pre- 
operative examination showed the other to be functioning. The use of 
an intratracheal catheter with an inflatable cuff, regardless of the type 
of anesthesia employed, is of great advantage. This prevents the col- 
lapse of a trachea softened by pressure or infiltration, and aids oxygena- 
tion during the operation. 

\Yhen the lateral or inferior veins arc found to be thrombosed by 
tumor tissue, ligation and resection of the internal jugulars should be 
attempted. Tumor invading the trachea should be excised flush with 
the tracheal wall either with the scalpel or the electric knife, and the 
base .should be lightly coagulated. Special care must be taken to pre- 
vent injury to the esophagus, which may be adherent to the retro- 
tracheal portion of the tumor. 

Mediastinal extension of malignant ti.ssue often proves to be the un- 
surmountable obstacle to complete removal of the tumor. If the growth 
is hard in consistency and of the infiltrating type, little can be done to 
excise the substernal portion even by splitting the sternum. If, on the 
other hand, the mediastinal portion consists of more or less encapsulated 
nodules, there are two methods of manipulation which may accomplish 
removal. The first of these is the operation described by Lahej'’" foi’ 
ablation of substernal adenoma. In this ])i'ocedure, the suprasternal 
portions of the tumor are freed from their bed and from the trachea, 
and are used to pull the mediastinal ma.sses into the neck. The second 
method can be employed for many of the softer papillary growths and 
for those in which central degeneration of a nodide peianits rupture 
of the pseudocapsule. In such a case, it may be possible to evacuate the 
mushy contents bj' curette or suction and collapse the capsule, thus per- 
mitting extraeapsular finger dissection from the superior mediastinum. 

After removal of the tumor, it is advisable to lavage with plain sterile 
water instead of saline solution because of the Ijdic effect of the former 
on possible free cancer cells. Lavage before closure reveals possible 
sources of bleeding and removes cellular debris, deposit of which is 
almost unavoidable in manipulation of the more friable tmnors. 
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RADIATION TIIKRAPY 

Eoentgen therapy can be used alone for palliation or combined witli 
surgery in an attempt to eradicate the disease. Even in advanced cases, 
a biopsy should be performed before irradiation is carried out. This 
offers the dual advantage of estalili.shing tlic diagno.sis and preventing 
irradiation of a pure ])apillary tumor, Avliich may lireak down and ulcer- 
ate because of its extreme radiosensitivity. Since treatment of tlie pa- 
tient shown in Fig. 9, even large, liulky jiapillary tumoi’s have been 
surgically removed, followed by adequate postoperative radiation 
therapy in the hope of obtaining a cure. This patient died six weeks 
later of empyema secondary to tearing of the pleural apex at opera- 
tion. Autopsj' examination revealed no malignant tissue. 

The principal value of x-ray therapy lies in its administration post- 
operatively, ‘directed to the elimination of cancerous tissue not de- 
tected or not removable at operation. Such tissue is frequently located 
in the mediastinum, and for this reason the mediastinal space should be 
included in the area treated. Three thousand roentgens delivered to the 
tumor bed are considered to be the lower limit of effective dosage. The 
aim is to administer a dose sufficient to kill cancer cells, but not to 
exceed the tolerance of normal tissues in the irradiated zone. The best 
results can be expected to occur in tumors shown to be predominantly 
papillary in design. This has been substantiated in our series, and in 
Portmann’s^^ studies 92 per cent of patients with papillary carcinoma 
survived more than five years. Not only are a greater number of ap- 
parent cures obtained by combined surgery and irradiation in the 
papillary group, but when recurrence does take place these tumors are 
more responsive and remain susceptible to radiation therapy for a 
longer period of time. It must be remembered, as Haagensen® pointed 
out, that sensitivity to irradiation should be judged from two aspects: 
the immediate response as shown by regi*ession of the tumor, and the 
duration of that response. In both these respects, papillary tumors are 
the most^ susceptible to irradiation. 

Other than for the papillary carcinomas, we have found little evidence 
that radiation therapy is of value except in a rather small number of 
malignant adenomas. It is, however, extremely difficult to estimate pre- 
cisely the value of radiation therapy. When it is employed after opera- 
tion, and the patient remains well and without recurrence, it is impos- 
sible to state whether the favorable result is due to the completeness of 
operative removal or to ii-radiation. Only when a tumor recurs and 
regresses or becomes dormant under a course of radiation therapy can 
the successful outcome be attributed wholly to this form of treatment. 
In the papillary group, a fair number of such cases has been followed 
for many years, a less number in the group comprised of Langhans’ 
malignant adenoma, and very few in the fetal types of malignant 
adenoma. No case of anajilastic, large and .small cell carcinoma, or car- 
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cinosai’coma has shown a favorable response 1o snrgeiy or to irradialion 
(Fig. 6). It should he emphasized that snrgeiy and irradiation are 
directed toward accomplishment of the same result — eradication of the 
growth. They are not antagonistic, but complementary, to each other. 
The most favorable results are to be anticipated when irradiation fol- 
lows surgery; but occasionally x-ray therapy before operation makes 
surgical removal possible. In such cases, operation should be followed 
by adequate roentgen therapy. 


TREATJIENT OF RECURRENCE AND METASTASI.S 

The results of treatment of locally recurrent tumors and metastatic 
deposits are influenced even more strongly by the pathologic pattern of 
the growth than are the results of treatment of primary neoplasms. If 
the metastases are from a well-differentiated tumor, especially if it is 
predominantly papilliferous, their response to irradiation is usually 
good. If, on the other hand, they are of the usual blood-borne variety, 
malignant adenoma Langhans, they have in my experience shown little 
response to radiation therapy. Regardless of the pattern of the parent 
tumor, it is wise to give the patient a trial of irradiation if the meta- 
static lesions are not too widespread and fulminating. 

Local recurrent nodules, especially if the primary growth was a malig- 
nant adenoma, should be removed. Graham" demonstrated that many 
of these cervical masses are tumor thi’ombi, often encapsulated in the 
lateral or inferior thyroid veins. Their removal by operation is espe- 
cially indicated because of their lack of response to irradiation, and 
because years may intervene before they metastasize or recur again 
locally. 

SUMMARY 

1. Almost all malignant goiters are nodular. Carcinoma occurs so 
rarely in diffuse toxic goiter (1 in 168 malignancies in our series), that 
this group can be excluded from consideration. 

2. The incidence of malignant goiter is influenced by the degree of 
endemicity and the frequency of nodular goiter in a given geographical 
locality. 

3. Age groups of patients with carcinoma of the thyroid are similar 
to those of patients affected by this lesion in other organs, except that 
malignancy appeal's in aberrant thyroid tissue earlier in life. 

4. The preponderance of malignant goiter is in favor of women ; but 
the expectancy for carcinoma in men with nodular goiter is much 
greater — 1 in 9 men (11 per cent) coming to surgery. 

o. Of the three cardinal signs of malignant goiter: hoarseness, fixa- 
tion, and baldness, at least the first two denote a far-advanced lesion. 
Any or all of these signs, however, can be produced by benign growths. 
Carcinomatous and calcareous degeneration may occur in the same 
nodule, and delay in removing it alters the prognosis unfavorably. 
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6. Long-standing or slowly growing tumors which suddenly undergo 
rapid growth and pioduee pressure symptoms are suspicious and should 
be extirpated before the clinical picture of malignancy develops. 

7. We have found it practical from a prognostic and therapeutic 
standpoint to classify malignant thyi-oid tumors according to their 
charactei’isties of growth and tlieir microscopic arehitectiire. Table IT 
shows our three groups; papillary carcinomas, malignant adenomas, 
and all others. 

8. Prognosis is based on the time of diagnosis, the pathologic pattern, 
and the presence of metastasis. Deaths are in direct proportion to the 
ease of (diagnosis. Papillary cai-cinoma offers the best prognosis, and 
the degree of malignancy can apparently be estimated by the corre- 
sponding extent of departure from the papillary pattern. The prog- 
nostic evaluation of metastasis is similar to that in carcinoma of other 
organs, with the exception of rare dormant metastatic lesions in patients 
seemingly well years after operation and irradiation. 

9. Prophylaxis consists of the removal of nodular goitei's so early that 
there is no preoperative suspicion of malignant change. Our statistics 
of 1 carcinoma in 9 men and 1 in 21 women operated on for nodular 
goiter substantiate the importance of this procedure. Suspected or 
diagnosed carcinoma calls for radical resection, alw<ays preserving at 
least one recurrent nerve, one parathyroid gland, and both carotid 
arteries. 

10. Eoentgen therapy can be iised alone or in combination with sur- 
gery, but should never be administered Avithout the benefit of a biopsy 
I’eport. Results maj’ be expected to be good in tlie extremely radiosensi- 
tive papillarj' carcinomas, fair in a .small number of malignant ade- 
nomas, and unfaA'orable in all others. The principal value of x-ray 
therapy lies in its administration postopej'atively. 

11. Locally recurrent tumors and metastatic deposits are treated de- 
pending on their pathologic pattern. Trial irradiation is justified, re- 
gardless of the pattern of the primary tumor, if the metastatic lesions 
are not too Avidespread and fulminating. Locally recurrent nodules 
should be surgically remoA^ed. 

12. Statistics concerning the dilfei'ent types of goiter treated at the 
University of California Hospital through 1943 are presented, 5,439 
cases being reviewed. Of these, 3,539 goiters Avere nodular, and 168 
malignant (4.8 per cent). LiA'ing after fiA-e years Avere 20 per cent of 
the patients in Avhom carcinoma Avas diagnosed or suspected before oper- 
ation, 40 per cent in Avhom carcinoma Avas diagnosed at operation, and 80 
per cent in AA'hom it Avas diagnosed first on pathologic examination. 
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Cyril M. jMacBryde, M.D., St. IjOUIs, Mo. 

(From the Department of Internal Mcilicine, TFashinrjton University , School of 
Medicine, the Barnes Hospital and the Washington University Clinics) 

I jMPROVEjMENT in surgical technique has resulted in a steady dimi- 
nution of the4ncidence of parathyroid deficiency following operations 
upon the thyroid gland. The parathyroid glands may be inadvertently 
removed, or their blood supply may be interfered V’ilh by ligation 
during operation, or by thrombosis or fibrosis occurring later. Tetanj’’ 
from fibrosis usually appears several weeks ])ostoperativeIy. Occa- 
sionally edema in the immediate postoperative period seems to curtail 
temporarily the blood supply of the iiarathyroids, for postoperative 
tetany may be transient, disappearing as the edema subsides. 

Despite the fact that modern surgery has reduced its incidence in 
large clinics to figures ranging from 1.5 to 0.5 per cent,^ it is likely 
that the total number of cases has actually increased because of the 
increasing frequency of operations upon the thyroid and parathyroid 
glands. Preservation of the posterior thyroid capsule and the prin- 
ciple of subtotal thyroidectomy, with a better understanding of the 
usual anatomic location and frequent aberration of the four para- 
thyroid glandules, will permit further reduction in postoperative hy- 
poparathyroidism. When a second or third operation is performed 
the 'hazards to the parathyroids are, of course, greatly increased. 
When the parathyroid glands are seriously damaged or removed at 
operation, tetany may appear within twenty-four hours. 

Spontaneous hypoparathyroidism is rare. The clinical state known 
as idiopathic tetany results, and is similar in all respects to that pro- 
duced by surgical damage to the glands. Apparently idiopathic tetany 
was not always so uncommon as it is at present, for large numbers of 
cases were reported in central Europe toward the end of the last cen- 
tury, particularly in Vieinia. In that city between 1880 and 1895 there 
were 368 cases studied in the General Hospital, the majority of the 
patients being young cobblers or tailors. The fact that the greatest 
frequency of onset occurred in the late winter and in these indoor 
sedentary workers suggests vitamin D deficit as the cause. Infantile 
tetany or spasmophilia is another condition now seen relatively infre- 
quently. It is apt to occur in babies who have been fed cows’ milk 
instead of human milk. Erdheim believed that it must result from 
parathyroid insufficiency, since autopsy frequently revealed hemor- 
rhage into these glands. However, in many cases vitamin D deficiency 
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and i 30 or calcium intake or absorption seem to play tlie major role. 
Here again the incidence is gre.atest in late -wintci'. In pregnancy and 
lactation tetany may appear, and may result from a latent hypopara- 
thyroidism Avhich becomes apparent only after there has been a great 
and prolonged drain upon tlie maternal calcium stores. Osteomalacia 
is apt to be present in these women. Similarly, the bone defect knoAvji 
as rickets frequently is present with infantile tetany. It seems likely 
that in these so-called idiopathic or functional hypoparathyroid states 
the chain of events may be as folloAvs: first there is a prolonged deficit 
of vitamin D or of calcium, or both, and in consequence, the parathy- 
roid glands are called upon to secrete an additional amount of hor- 
mone to sustain the falling blood calcium. The glands may hyper- 
trophy, and the demand may be successfully met. (Hypertrophy and 
hyperplasia of the parathyroids are frequent findings in rickets.) 
If there is an inherent weakness of the glands, or if function eventu- 
ally fails after prolonged excessive demands, tetany results. 

Signs and Symptojns . — ^^Vhen the serum ealcium is betAveen 4 and 6 
mg. per cent symptoms are usualty manifest. JIuscular spasm occurs, 
particularly carpopedal spasm. The facial and abdominal muscles 
may be throAvn into Auolent contractions bj^ the mildest stimuli. Pain- 
ful paroxysms may occur spontaneously. Numbness and tingling of 
face, hands, feet, and legs may be constant. Epileptiform convulsions 
may occur and in some cases papilledema is present, suggesting intra- 
cranial tumor.“ 

'When the blood calcium is 7 or 8 mg. per cent the condition is usu- 
ally latent. Excitement, exertion, oAmrbreathing, or menstruation maj^ 
provoke an attack. "When the tetany is of long dviration ectodermal 
changes occur, the most serious of which is the formation of bilateral 
cataracts. The hair becomes lifeless and brittle and thins considerably. 
Nails become ridged, and teeth, especially in groAving patients, become 
ridged and grooved horizontally. Gastrointestinal disturbances are 
common Avith abdominal pain, “gas,” and alternating constipation and 
diarrhea. The least pressure on arm or leg may cause cramping. 
Rapid motion may become impossible Avithout resulting in painful 
muscular spasm. 

Pathologic Physiolog]!.— AW true tetany occurs as the result of the 
presence of insufficient amounts of ionized calcium in the blood. Any 
condition Avhich decreases the amount of calcium absorbed or Avhicii 
increases the pH of the blood may result in tetany. The total blood 
calcium may be loA\q or only the ionized fraction may be subnormal. 
The effect in either case is to decrease the regulating, inhibitory effect 
of ionized calcium upon neuromuscular irritability. PhosiAhate metab- 
olism is closely associated Avith calcium metabolism and a rise in the 
blood phosphate is quite regularly accompanied by a fall in the blood 
calcium, perhaps because there is induced a deposit of calcium and 
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phosphate in chemical combination. The following clinical forms of 
tetany haA'g been recognized ; 

1. Parathyroid insufficiency, postoperative and spontaneous. 
The parathyroid hormone increases calcium absorption from bone 
and increases the proportion of ionized calcium in the blood. 
Hormone lack causes tetany. 

2. Calcium starvation; inadequate calcium intake. 

3. Poor calcium absorption, occurring with low vitamin D in- 
take. with steatorrhea, and in conditions in which inadequate 
amounts of bile reach the intestine, calcium soaps being formed 
and excreted. 

4. Calcium depletion: pregnancy, lactation. 

5. Alkalosis 

(a) from vomiting, with loss of HCl 

(b) from excessive ingestion of alkaline salts such as so- 
dium bicarbonate 

(c) from overbreathing, with loss of CO; 

6. Excessive pho.sphate intake, or excessive phosphate reten- 
tion with hyperphosphatemia, for example, the tetany occurring 
with “I'enal I'ickets." 

Diagnosis . — The diagnosis depends upon the recognition of the symp- 
toms and signs, which are usually quite characteristic. Confirmatory 
evidence may be secured through three .signs when the tetanj* is latent 
or only manifest at intervals: Erb’s, Chvostek’s, and Trousseau’s 
signs. Ei'b’s sign consists in the production of muscular conti’action 
with the stimulating electrode over a motor nerve, the response being 
elicited by a much weaker galvanic electrical stimulus than is nor- 
mally necessary. The cathodal opening response is obtained with less 
than 5 ma., while normally over 6 ma. are required. Chvostek’s sign 
consists in a contraction of the innervated muscles in response to 
gentle tapping over the trunk of the facial nerve just anteinor to the 
external auditory meatus. Trousseau’s sign depends upon the tem- 
porary deprivation of the blood supply to a nerve trunk, either by 
direct pressure on the nerve, or by application of a pressure cuff to 
an extremity. When the blood pressure cuff is applied above the 
elbow and inflated the tj'pical carpal spasm will occur within one to 
three minutes. All ("' these signs depend upon increased irritability 
of the nerves. 

When tetany is dire to alkalosis, the total serum calcium level is 
usually normal. The blood calcium may be low in conditions a.sso- 
ciated with poor calcium or vitamin D intake or absorption. In hypo- 
pai’athyi'oidism the serum calcium may be very low, the lowe.st levels 
of 4 to 6 mg. per cent oecrrrring usually in manifest tetany. With 
levels of 7 or 8 mg. per cent the tetany is apt to be latent. In para- 
thyroid tetany the inorganic phosphate is usually elevated from the 
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normal of 3 or 4 mg. per cent to 6 or 8 or even 10 mg. per cent. Nor- 
mal or low blood phosphate may occur in nulritional hypocalcemia. 
Blood phosphate may rise with severe kidney damage, witli consequent 
fall in the serum calcium and production of tetany. 

Trcatmeni . — The proper therapy of tetany will, of course, depend 
upon its etiology. Correction of alkalosis hj’’ prevention of overhreath- 
ing, or hy ingestion of ammonium chloride or dilute hydrochloric acid 
may be indicated. Restoration of adequate calcium and vitamin 1) 
intake, and measures to promote their ah.sor])tion, are necessary when 
the calcium metabolism derangement lies in this sphere. 

We are here primarily concerned with parathyroid tetany. Treat- 
ment of hypoparathyroidism may be considered under two headings: 
the acute attack and chronic tetany. 

1. The Acute Attack: A patient may die in a severe attack, from 
spasm of the glottis, or of the diaphragm, or fi-om repeated epilepti- 
form convulsions. Prompt and vigorous intervention is necessaiy. The 
most effective measures arc (and they should be given in this order) : 

(a) Intravenou.'i calcium . — Calcium chloride is the most effective meas- 
ure because of its high calcium content and its acid, highly ionized 
state. It is, however, highly irritating to tissues, and will cause 
necrosis if leakage occurs outside the vein. From 10 to 20 c.c. of a 
5 per cent solution will cause abrupt termination of most attacks. 
Less irritating to tissues is calcium gluconate, M'hich may be given 
intravenously (or deep intramuscularly into the buttock, if intravenous 
injection is not feasible) in doses of 10 or 20 c.c. of 10 per cent solution. 
Although the blood calcium is restored to normal promptly, relief will 
be only transient in severe tetany. The serum calcium will fall 
within one to four hours to its previous level as a rule. The intra- 
venous injection maj^ be repeated once or twice if necessary until the 
effect of the second therapeutic measure becomes evident. 

(b) Parathyroid extract . — One to three cubic centimeters of para- 
thyroid hormone (100 U.S.P. units per cubic centimeter) should be 
given intravenously or intramuscularly immediately after the intra- 
venous calcium is administered. The effect upon the serum calcium 
is evident in a feAv hours, the peak effect usually occurring in from 
eight to eighteen hours, while in from twenty to twenty-four hours 
all effect is lost. Therefore, the hormone Avill usually be giving a good 
response just about the time the effect of the one or two intravenous 
calcium injections is wearing off. To maintain an approximately 
normal blood calcium in a patient with severe hypoparathyroidism 
requires daily injections of the extract. This is expensive and un- 
pleasant. Furthermore, a tolerance is usually developed, larger and 
larger doses are required, and finally little or no response occurs, 
hlaintenance treatment of chronic tetany formerly consisted of high 
calcium intake plus dailj^ hormone injection, but fortunately better 
methods have been developed. 
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Another possible means of supplying hormone is tlie implantation of 
parathyroid tissue. In our experience such transplants liave been in- 
effective, even when performed after preliminary culture of the para- 
thyroid tissue in the recipient’s serum, as advocated by Stone, Owings, 
and Gey.^ Even after the procedure %vas repeated four times at intei'- 
vals of some months in one of these cases, no definite re.sults were 
observed. In one patient only teinporary benefit was obtained from a 
parathyroid tran.splant obtained from her mother. 

2. Chronic Ttiany: T])e treatment of chronic tetany .sliould begin as 
soon as it is evident that the patient cannot maintain a noi-mal .scrum 
calcium level. The effective measures arc; 

(a) llidli calcium intalcc. — A quart of milk will supply approximately 
1 Gm. of calcium daily, and, in addition, from 10 to 15 Gra. of calcium 
lactate or gluconate are usually advisable. This is best taken as two to 
four teaspoonfuls well .stiri-ed in hot water or millc, distributed through- 
out the day. It is not nece.s.sary to limit phosphorus intake, but a high 
phosphorus diet is undesii’able, which means primarily that meat and 
protein foods should be eaten only in noj-mal amounts. 

(b) Desiccated thyroid. — Desiccated thyroid promotes calcium ab- 
sorption and helps maintain a normal .serum calcium when hypothy- 
roidism as well as hypopai-athyroidi.sm is present. The dose needed 
varies from 1 to 3 gr. daily, enough being given to j’estore the basal 
metabolic rate to normal. 

fc) Dihydrotachy sterol (Hyfakerol, Winthrop^). — Dihydi’otachystei'- 
ol can be taken orally in capsules each containing 0.625 mg., and will 
maintain serum calcium within normal limits in even the most severe 
cases of hypoparathyroidism.'* The dose varies with the severity of 
the case and with the amount of calcium ingested. With higher doses 
of calcium, .smaller doses of dihydrotachystei-ol are possible. Among 
fourteen patients we have studied with severe chronic hypoparathy- 
roidism, the requirement is cither one or two capsules daily when 
between 10 and 15 Gm. of calcium lactate powder arc taken. In four 
of the more severe eases the patients need two capsules and 15 Gm. of 
calcium lactate per day; four patients require one capsule only with 
the same calcium intake. Of the remaining six patients, three take 
one capsule and appro.ximately 15 Gm., and three take one capsule 
and 10 Gm. Twelve of the patients had postoperative tetany, eleven 
after thyroid operations, one after removal of a parathyroid tumor. 
Two had idiopathic hypoparathyroidism. 

Enough dihydrotachyst. rol can be given to raise serum calcium to 
normal even if caleium intake does not exceed that in the normal diet. 
The amounts of calcium used in this series of patients have not caused 


•The dihyarotHch>f?terol for thefjc sturlk-s was furnisbetl bv tho Medical Research 
Department of the u mthrop Chemical Company, Inc. 
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digestive upsets, are not partieulavly disagreeable, and make tlie treat- 
ment much less expensive. From two to four capsules per day arc 
necessary with a normal calcium intake. 

The rise in blood calcium is more rapid if larger doses of dibydro- 
tachysterol are given for the first few days and the maintenance dose 
is adopted when the serum calcium level approaches normal. A good 
dosage scheme for a patient with a serum calcium of 6 mg., given 
15 Gm. of calcium lactate daily, might be one capsule four times daily 
the first three days, then two capsules per day until the serum calcium 
reaches 9 or 10 mg. The dose can be reduced to one capsule if the 
serum calcium exceeds 10 mg., or in a mild case one capsule every 
other day may suffice. With this dosage scheme a normal serum cal- 
cium should be reached in from seven to ten days. The first I'ise is 
often not evident for forty-eight hours. AYhen the drug is stopped, 
the blood calcium falls slowly over a period of two or three weeks. 
The advantages of diliydrotaehysterol over parathyroid extract in the 
treatment of chronic parathyroid insnfficiencj'^ are ; 

1. The action is more prolonged 

2. It is effective when taken orally 

3. No tolerance is developed 

4. It is less expensive 

5. It is stable and retains its potency when kept at 
ordinary room temperatures 

Diliydrotaehysterol in excessive amounts can cause hypercalcemia 
and severe toxic effects. Fi-equent determinations of the blood calcium 
are necessary until the maintenance dose is established, then the serum 
calcium need be measured only every two or three months. 

(d) Vitamin D . — ^^^arious forms of vitamin D are effective in raising 
serum calcium. Doses of from 150,000 to 400,000 U.S.P. units dailj’- 
plus a fortified calcium intake of 3 Gm. of calcium chloride (as 25 per 
cent solution in syrup of glycirrhiza) gave good results in a series of 
six eases studied by Sevringhaus and St. John.® 

In comparative studies on eight of the fourteen patients in our series 
Ave found that vitamin Do (calciferol*) gave results similar to those 
obtained with diliydrotaehysterol. Vitamin D seemed to have less 
effect in promoting phosphorous excretion. Serum phosphate levels 
tended to be somewhat higher than with diliydrotaehysterol. We em- 
ployed doses of 100,000 units (two capsules) daily in most of our eases 
and found this sufficient if from 5 to 15 Gm. of calcium lactate or glu- 
conate were given. The same dangers of hypercalcemia with cumula- 
tive effects must be guarded against with vitamin D as ivith dihydro- 
tachysterol. When the serum calcium rvas maintained ivithin normal 
limits, patients felt equally ivell ivith the tivo drugs. 

•In the form of Dri.«(lol (Wintlirop) 50,000 U.S.P. units per capsule. 
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SUMMARY 

Spontaneous idiopathic tetany and spasmopliilia are relatively rare, 
while postoperati\'e tetany is Jess freqiJCJit as surgical technique 
impi'oves. 

Acute severe tetany demands immediate recognition and treatment. 
A patient complaining of numbne.ss, tingling, oi' cramps after a thyroid 
or parathyroid operation should have a venipuncture with withdrawal 
of blood for serum calcium determination, then intravenous calcium 
should be given, and intramuscular parathyroid extract. Should 
symptoms of tetany persist for several days, treatment with high cal- 
cium intake and dihydrotachysterol or vitamin D should be in.stituted. 
Chronic tetany is a severe illne.ss cau.sing much discomfort and dis- 
abilit}' as well as late trophic changes such as cataracts. Good treat- 
ment now I'elieves patients of all such .symptoms and ijrevents the 
trophic changes. 
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Progress and Future in the Treatment of Goiter 

T WO or three decades ago a succession of iiu])ortant discoveries in 
the held of goiter iras amwimeed. These iueinded the isolation 
of thyroxin by Kendail (1914), prevention of goiter Avitli iodine i)y 
ilarine and Kimball (in llie school eliildren of Aki-on, 1921), the re- 
discovery of the beneficial effect of iodine in toxic goiter by Plummer 
(1923), and the production of tiiyroid ]iy 3 )erp]asia by the thyrotropic 
hormone of the pituitary gland (Loeb and Bassett, 1929). These mile- 
stones of progress gave promise of solving the mystery of etiology of 
goiter and simidifying treatnmnt with perhaps the elimination of sur- 
gical proeedm’cs; however, these accomplishments were not immediately 
forthcoming. Although valuable contributions have been made since 
these discoveries, none could be considered epochal until the inhibiting 
effect of thiouracil and thiourea was demonstrated by Astwood (1943), 
following the experimental work of Kennedy and Purves (1941) and 
others. The primary value of thiouracil, like iodine, is in preparation 
of the patient for operation. However, preliminary experiences of 
Astwood on prolonged treatment with thiouracil as reported in this 
symposium suggest that .symptoms may not recur following discon- 
tinuance of the drug at least in some of the patients. The effect of thio- 
iiraeil in neutralizing thyrotoxicosis is much more pronounced than 
iodine — so much so that postoperative crisis Avill probably be com- 
pletely eradicated Avilh its use. HoAvever, the relatiA'ely sloAv action 
of tbiouracil may make it uneconomical to use in mildly toxic goiter 
Avbere iodine preparation is entirely adequate and requires a much 
shorter period of preoperative therapy. Although the basic cause of 
toxic goiter remains undiscovered, it is noAv obvious that the serious 
aspects of the disease liaA-e been almost totally eliminated. The incidence 
of goiter has deeicased in a fcAv localities, at least. The report of 
Marine and Kimball rcA’ealed the efficacy of iodine (in the form of 
iodized salt) in the preA-ention of goiter (to.xic as well as nontoxic) in 
scliool children of Akron. Altliongh this Avork, Avitli similar resu]t.s, has 
been extended by Kimball (1938) in Michigan, the public health aspects 
have not been appreciated sufficiently for the use of iodized salt or 
equivalent iodine therapy to be adopted nniversalhv Eecently many 
clinicians have gained the impression that there is a ‘definite decrease in 
the incidence of toxic goiter ]>resumably based on the use of iodized salt 
Tlic AATiter Avas not eonvineed of this decrease in incidence in goiter in 
adults until recently, Avbcn the number of goiter -patient.s Avas eompared 
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to other admissions to Illinois Research Hospital. Fig. 1 illustrates the 
percentage of thyroid patients in the total admis-sions on the surgical 
service (adults) in Illinois Research Hospital. The average yearly 
incidence of thyroidectomies for goiter (inclusive of toxic diffuse, toxic 
nodular, and nontoxic nodular) in the total number of admi.ssions on 
the surgical service for the tlu-ec-ycar period of 1927, 1928, and 1929 
was 19.3 per cent, whereas the average for the years 3941, 1942, and 
1943 was 11.3 per cent of surgical admissions. During these two periods 
the number of thyroidectomies comprised 3 per cent and 1.9 per cent, 
respectively, of the total admissions (all services) to the hospital. ' This 
decrease in incidence is too great to be considered a coincidence; the 



use of iodized salt appears to be the best explanation of this decrease 
in goiter. The use of iodized salt“ in the Chicago area was begun in 
1924. Naturally, it would take a few years for the iodine therapy to be 
reflected in the incidence of goiter. The drop in the incidence of goiter 
(operations) in the total surgical admissions, from 19.3 per cent to 11.3 
per cent in the fourteen-year interval, can be explained better by the 
factor of increased iodine intake than by any other local factor knoAvn to 
the writer. The amount of iodized salt sold in 1924 after its introduction 
was estimated at 60 to 65 per cent. Of the total amount sold during the 
past few years this percentage has decreased slightly, being 58 per cent 
in 1943. The ratio of the various t 3 i)es of goiter has remained relatively 
unchanged, indicating that whatever the cause of the decrease in goiter 


«D.at.a kindly supplied by the Morton Salt Company. Chicago. 
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of operable type, the various typos have been affected equally. However, 
it must be emiihasized that, restoration of the pi'oper iodine intake 
alone cannot be expected to eliminate goiter because goiter of all types 
still exists along the seaboard where iodine intake (particularly in 
drinking water) is presumably adequate. Jloreover, the added intake 
of iodine in iodized salt in these communities during the juist few years 
has not resulted in any decrea.se in goiter. As a matter of fact, in some 
communities (for example, New Orleans) the incidence of goiter ap- 
pears to be on the increase.*-' 

]\[uch difference of opinion exists as to whether or not excision of non- 
toxic nodular goiter is advisable. However, at least a great many sur- 
geons advise removal because of the possible development of carcinoma, 
thyrotoxicosis, and pi'c.ssure manifestations. After reviewing the inci- 
dence of carcinoma of the thyroid in nontoxic nodular goiters removed 
at Illinois Eeseareh Hospital, the author became convinced that removal 
of nontoxic nodular goiter should be advised almost routinely except in 
aged people or patients with complicating diseases. In general, the ur- 
gene.v is greater in young people, particularly if the nodule is solitary, 
largely because the incidence of carcinoma is highe.st in these two 
instances. 

During the past several years the mortality rate following thyroid- 
ectomy has been lowered gradually until now it will probably average 
between 0.5 and 1.5 per cent in the various clinics where a large number 
of patients are eared for. There will be or should be a definite superiority 
of mortality rate in a series dealing with private cases over a series in 
a charity clinic for two reasons; (1) Private patients will come to the 
physician earlier, that is before cardiac and other organic damage is 
pronounced; and (2) for financial reasons tlie nutritional imbalance 
will be greater in the charity patient — a serious detriment in a disease 
which affects nutrition primarily. To maintain a commendable mortality 
rate the surgeon must be particularly cautious in his estimation of opera- 
bility. This precaution is just as important in thyrotoxicosis as it is 
in other diseases such as carcinoma of tlic colon and stomach where 
nutritional depreciation is such a prominent factor. Although the ex- 
perienced clinician may estimate operability quite accurately by a brief 
survey of the patient, he will nevertheless make fewer errors if he will 
adopt mathematical principles as much as possible; lie will certainly 
have an enormous amount of difficulty in teaching methods of estimat- 
ing operability to students unless he utilizes mathematical principles in 
his prerequisites. 

Wliatever the method adopted for estimating operability, there is one 
prerequisite which must never be broken, that is, bilateral thyroidectomy 
must never be performed in severe thyrotoxicosis unless the patient is 
showing a weight gain. In patients with doubtful operability, only one 
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Jobe should be removed ot tJie first opeivifiou. An iuterval of at least 
three or four weeks should intervene before the second lobe is removed. 
Ligation of the su])erior thyroid artery has been abandoned as a stage 
operation. 

Since thiouracil is .so effective in Jieutralizing toxicity, the need foi’ 
.stage operations will unquestionably be niai-kedly decreased. In spite 
of this tremendous advantage of thiouracil over iodine, it po.ssc.s.ses two 
disadvantages, (1) the drug is ocea.sionally toxic, and (2) a much longer 
interval is required to olitain reduction in tlie thyroid loxicit.v. 

— Warren 11. Cole, M.J). 

Chicago, IP. 
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ESOPHAGEAL DUPLICATIONS OR I^IEDDVSTINAL CYSTS 
OP ENTERIC ORIGIN 

■William E. Ladd, M.D.,^ and H. AYilliam Scott, Jk., jM.D.t 
Boston, Mass. 

(From Department of Surgery, Harvard Medical School and Svrgical Service, 
The Children ’s Eosintal) 


INTEODUCTION 

I N THE last several years one of ns (AY. E. L.) has published reports 
concerning duplications of the aliinentarj’' tract and the surgical 
treatment of these “enterogenous cysts.”^’^ During this time five 
individuals Avith enterogenous cysts of the mediastinum, or better, 
“duplications of the esophagus,” have been treated at The Children’s 
Hospital. The unique problems iiresented by these lesions and their 
surgical management have prompted this report. 


CASE reports! 


Case 1 (No. 173795). — D. S., a white boy, 22 months of age, one of six children, 
was admitted to the Children’s Hospital Feb. 20, 1028. The family and past his- 
tories were noncontributory. The child had been well until two months before 
entry at which time he developed pneumonia on the right side, with a high fever 
for four days. The temperature then returned to normal and after two weeks in 
bed the patient was allowed up. During his illness he lost considerable weight. 

Four days before entry the patient became ill with fever, dyspnea, and vomit- 
ing, After the first day the fever subsided but the vomiting continued. On the 
morning of entry the right ear began to discharge purulent material. 

Physical Examination . — Temperature was 101° P., pulse 130, respirations 40 to 
50, weight 21 pounds. The child was a pale, underdeveloped, and undernourished 
boy who could lie only on his right side because of marked dyspnea. There was 
a harsh, brassy cough. A purulent otitis media was present on the right side. 


c Surgery, Harvard Medical School, Chief of 

Surgical Sen’ice, The Children s Hospital, 

Tlie^^hi!dren’a*"Ho^’ita[* ’ Medical School and Junior Attending Surgeon, 

and Clifford’ under the title 
Mediastinal Cysts ■ ■ Bronchogenic Origin.” Since we 

non theni to be duplication we feel that it is justifiable to 

report these cases again with the ■ ■ ;cent patients. 
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The chest was barrel-shaped ^\ith marked costal retraction and diminished ex- 
pansion on the right side. The right base posteriorly was flat to percussion. 
Breath sounds were diminished over the whole right chest and absent below the 
angle of the scapula. A few moist rales were present over the right apex. Tactile 
fremitus was absent over the right side of the lower back with bronchial breath- 
ing over the right upper chest anteriorly. The heart was displaced 2^4 cm. out- 
side the left nipple line. The abdomen was protuberant and both spleen and liver 
were palpable 5 cm. below the costal margin. The fingers showed suggestive 
clubbing. 

The roentgen examination suggested fluid, and a tentative diagnosis of empyema 
was made. Thoracentesis j-ielded 3G0 c.c. of a viscid, opalescent fluid. This was 
acid in reaction; its specific gravity 1.010; chloride 114 meq./l; bicarbonate 34 
volume per cent; 560 cells per cubic millimeter with 80 per cent polymorphonu- 
clears. 



A. 

Fig. 1 (Case 1, D. S ). — A, Sixteen years after successful operation for esophageal 
duplication. B, Roentgenogram of chest of same patient. 


The vithdraual of the fluid afforded temporary lehef of the symptoms. The 
diffuse clouding of the right chest by roentgenogram was replaced by a clear 
lateral lung field and a large, dense shadow running obliquely downward and out- 
ward from the hilus. Lipiodol bronchograms gave no diagnostic assistance, al- 
though the right upper bronchus failed to fill. The fluid rapidlj' reaccumulated 
and repeated tappings were necessary. The child continued to run a low-grade 
temperature. In view of the character of the fluid and the roentgenologic find- 
ings, a diagnosis of intra thoracic cyst nas made. 

Exploratory thoracotomy was carried out under gas oxygen anesthesia on the 
twenty-second hospital day. The right upper lobe was atelectatic, rubbery, and 
yellowish red in color. The two lower lobes were only partially expanded and 
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displaced forward by a large, tense, smootli-wallcd cyst extending from the 
diaphragm to the apex of the thorax and filling the right paravertebral gutter. 
There were no adhesions within the pleural cavity. The cj’st was estimated to 
fill two-thirds of the right thoracic cage. Anteriorly, it was covered by the vis- 
ceral pleura which was reflected laterally' onto the thoracic all and mcsiallj 
along the mediastinum, postcrioi to the root of the lung. In diameter it ap- 
peared to be about two and three-quarter inches at its diaphragmatic attachment, 



Fig. 1 B. (For legend see opposite page.) 


which was retropleural. It was slightly smaller at the apical limit of the tumor, 
which rsas also covered by pleura. The condition of the child did not wan ant 
excision of the cyst. Consequently its periphery a as dissected free, the cyst wall 
sutured to the wound edges, and the chest wall closed around it in layers. Six 
days later the exteriorized cyst was opened and a catheter inserted for drainage. 
The latter procedure was followed by a very severe reaction w-ith a high tem- 
perature. Pour transfusions were given at intervals and there was gradual im 
provement. There were recurrent infections of the cyst cavity, however, with 
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elevation of temperature. There was no gain in weight, but the brassy cough 
ceased. Repeated roentgenograms with lipiodol injection into the marsupiaiized 
cj'st demonstrated considerable diminution in size. Tlierc was a copious amount 
of clear, white, mucoid drainage which resembled gastric juice. 

Four month.? after the marsupialization of the cyst an attempt at complete 
excision was carried out under gas-o.xygen anesthesia. The old incision was 
reopened and the seventh rib resected. The cyst was found to be approximately 
one-half its former size. The wall was greatly thiehened and fibrous. The con- 
dition of the three lobes of the lung remained the same as at the previous opera- 
tion. Tile pleura was incised vertically over the surface of the cyst. Xo cleavage 
plane could be found. In consec|uence, the cyst was freely opened and with a 
finger introduced into its cavity it was excised to its base by sharji dissection, 
including the overlying pleura wliich could not be detached. Tlio medial wall 
was intimately adherent to the esophagus along the hitter’s central two-thirds 
and this long narrow base of tlie cyst could not bo excised completely. However, 
the mucosal surface of the base was stripped ofT and two gauze jiacks placed 
against the remaining base and led out through either c.xtremity of the thorac- 
otomy wound. There was relatively little hemorrhage. The wound was then 
approximated closely about the ])achs. 

The child’s condition was precarious at the end of the operation. After intra- 
venous glucose followed by transfusion his condition improved and he .subse- 
quenth" made a satisfactory convalescence. The gauze drains were removed on 
the tenth postoperative day following which the sinuses graduall.v granulated in 
without infection and the wound was entirely healed by the end of a month. 
This boy has been followed for sixteen years since his discharge from the hospital 
and has developed normally with only slight residual weakness of the right 
shoulder as a result of operative obliteration of the esophageal duplication. (See 
photograph and x-ray picture of chest, Fig. 1.) 

Pathologic "Examination . — Examination of the c.vst wall showed it to have the 
histologic characteristics of stomach wall. There was a typical gastric mucosa con- 
taining chief and parietal cells with an underlying muscularis mucosa, submucosa, 
and muscularis. Rugae were present in some areas with strands of smooth muscle 
as seen in the normal stomach wall. The mucosa was destroyed in areas with fibrous 
tissue replacement and scattered throughout there were areas of hemorrhage and 
cellular infiltration. 

Diagnosis . — ^Esophageal duplication lined by gastric mucosa. 

Case 2 (No. 118048). — J. B., a white, male infant, was admitted to the hospital 
Sept. 14, 1927, at the age of 7 weeks, because of feeding difficulties and failure 
to gain. 

The family liistory was negative. The birth weight was 9% pounds. The neo- 
natal period was uneventful except for paroxysms of pain when nursing. These 
were characterized by doubling up of the legs and screaming, with some regurgi- 
tation of feedings. A small amount of dark blood ivas vomited on one occasion. 
For several days he had been coughing frequently. 

Physical Examination . — Examination revealed a pale, undernourished infant with 
rapid labored respirations. Temperature was 100.(5'’ F. Further examination re- 
vealed head, eyes, ears, nose, and throat, negative; heart and lungs, not remarkable 
on admission except for slight dullness and a few scattered rfiles over the right apex 
posteriorly, abdomen, nontender with no masses; rectal, reflexes, and extremities, 
negative. 

Laboratory work showed a red blood count of 3,600,000, hemoglobin 60 per cent, 
white blood count 21,500 with 74 per cent polymorphonuelears. Wassermann was 
negative. Tuberculin was negative in dilution 1:25. “ 



LADD AND SCOTT ; AIEDIASTIKAL CYSTS OE ENTEKIG ORIGIK 819 

EoGutgonog^ruins of the clicst sliowoO ;i tliiTusc liu?}’ iiifiltratiou of tlic cotlre 
right upper lobe. 

The infant had a febrile conrae with increasing respiratory diflicully. lie- 
gurgitation of feedings persisted but Imriuni studies showed no obstruction or 
displacement of the esophagus and no abnormality of the gastrointestinal tract. 
After several weeks he developed dullness over the whole right side of llic chest 
with diminished brcafli sounds over the upper lobe. Hepeat roentgenograms of 
the chest showed almost eomploto opacity of the right lung field with some 
mediastinal displacement to the loft side. An area of pressure erosion was identi- 
fied in the region of the angles of the fourth and fifth ribs posteriorly. Thoni- 
contesis was carried out in this aien and 10 c.c. of thick, viscid, mucoid fluid 
was aspirated under considerable pressure. This contained 700 cells pur cn. mm., 
mostly red cells with a moderate number of lyniphocj-tes. Smear and culture 
revealed no organisms. No Imir-s or epithelial cells were encountered. The fol- 
lowing day a second tap was performed and after a.spiration of 35 c.c. of the 
same typo of fluid 10 c.c. of lipiodol were injected. Roentgenograms of the chest 
at this time showed a large cystic tumor of the posterior mediastinum extending 
toward the ape.x of the right lung and displacing both esophagus and tracliea 
anteriorly. 

Exploratory thoracotomy was carried out under gas-oxygen anesthesia, the 
mediastinum being entered extrapleurally thiongh the beds of the resected pos- 
terior segments of the third and fourth ribs. Because of respiratory difficulties 
an adequate exploiation could not be performed and the child was returned to his 
bed in a precarious condition. Four weeks later a second attempt was made and 
again the eyst could not be located, hurried exploration being necessary because 
of the child’s poor condition. After an extremely stormj* postoperative period 
characterized by recurrent bouts of bronchopneumonia the patient was discharged 
to a convalescent home. 

At the age of 1 year the baby was readmitted in the hope that surgical ap- 
proach to the eyst miglit be more successful. The general symptoms were un- 
changed. His weight at this time was 11 pounds. There was dullness and breath 
sounds were absent over the entire riglit upper chest with numerous rales over 
the right lower lobe and the entire left lung field. Fingers were definitely clubbed. 

Several thoracenteses failed to enter the cyst. Recurrent exacerbations of 
chronic pneumonia prevented further surgical exploration. The patient finally 
succumbed to severe bronchopneumonia at the age of 16 months weighing at that 
time 10% pounds. 

Autopsy . — Autopsy revealed a 5 cm. cystic mass lying in the right paravertebral 
gutter adjacent to the esophagus and attached to the posterior chest wall and pleura 
over the right apex. The cyst was retropleural and had eroded the bodies of the 
upper thoracic vertebrae as well as the adjacent ribs. There was diffuse interstitial 
pneumonia, both acute and chronic. 

Gross examination of the cyst showed it to resemble a portion of the gastro- 
intestinal tract. There wa.s a pleural reflexion resembling a serosa, a two-laj'ered 
mu.seularis, a definite submuco.sa and a thick velvety mucosal lining which was 
thrown iirto numerous folds similar to gastric rugae. The cyst was not attached 
to the esophagus, tracliea, or bronchi. 

ilicroscopic examination revealed a typical gastric mucosa with deep branch- 
ing glands lined by chief and parietal cells. 

Diagnosis . — Esophageal duplication lined by gastric mucosa. 

Case .> (No. 211371)). X. C., a 7-montli-old girl, was admitted to the Children's 
Hospital, April 22, 163), with a complaint of intermittent abdominal cramps of 
six months ’ duration. 
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Family historj' was irrelevant. Past histoiy showed that the baby was deliv- 
ered normally at full term, -weighing pounds. The neonatal period was un- 
eventful. She took feedings well and made a steady weight gain, reaching 13 
pounds at six months. Since the first month of life the infant had been subject 
to occasional bouts of “abdominal cramps,” which doubled her up and caused 
her to scream. In the six weeks prior to entry she had had these episodes four 
to live times per week and had developed anorexia -with failure to gain. Ten days 
before admission she developed a dry cough, accompanied by fever and transitory 
cyanosis. Since that time she had refused to lie on her right side and had per- 
sistent respiratory distress, cough, and temperature ranging between 100 to 103° 
F. Vomiting of feedings occurred two to three times daily. Stools remained 
essentially normal without blood. There was no hematemesis or hemoptysis. 

Physical Exavnnation . — Examination on admission revealed a fairly well-devel- 
oped, somewhat undernourished 7-month-old baby girl with slight cyanosis, breathing 
with difficulty. Examination of head, eyes, cars, nose, and throat was negative. The 
neck was short and the thoracic cage asymmetrical, there being a diffuse bulging of 
the right side of the chest posteriorly. The respirator^’ excursion was diminished 
on the right side. On percussion there was flatness over the right lung posteriorly 
with hyper-resonance anteriorly. Breath sounds were diminished on the right side 
posteriorly. There was questionable shift of the heart and mediastinum to the left. 
The heart was not enlarged, and there were regular rhythm, sounds of good quality, 
and no murmurs. The abdomen was soft and relaxed with no tenderness, spasm, or 
masses. The liver edge was palpable two fingers below the costal border. Examina- 
tion of the genitals, rectum, reflexes, and extremities was essentially normal. 

Laboratory work on admission showed a white blood count of 18,000 with 76 
per cent polymorphonuclear leucocytes. Red blood count was 4,880,000 with 75 
per cent hemoglobin. Urinalysis was negative. The blood Hinton test was 
negative. 

Roentgenograms of the chest showed a large spherical mass about 8 cm. in 
diameter filling most of the right hemithorax and displacing the heart to the 
left. Fluoroscopy of the esophagus showed it to be displaced to the left in its 
lower third by the mass (Fig. 2). 

Course . — A few days after admission, mediastinal exploration was carried out 
under cj’clopropane anesthesia. A transpleural approach through a right postero- 
lateral thoracotomy with resection of a segment of the seventh rib revealed an 
orange-sized cystic mass occupying the lower third of the right hemithorax. The 
cyst was retropleural in location and had a sessile attachment to the lower third 
of the esophagus. After freeing the peripheiy of the mass from the mediastinal 
pleura, marsupialization of the cyst was carried c”.* by first aspirating its con- 
tents (about four ounces of brownish serous fluid) and then suturing the -u-all of 
the cyst to the wound edges with interrupted silk sutures. The chest was then 
closed in layers to the raarsupialized cyst, following which a circular segment was 
excised from the exteriorized cyst wall and a rough gauze pack inserted into the 
cavity. 

The postoperative course was uneventful. The marsupialized cyst drained 
copious amounts of watery fluid which had an acid reaction. Barium swallows 
showed no lumenal connection between the esophagus and the cyst. 

Fifteen dav’s after marsupialization, excision of the C 3 'st was undertaken 
under cyclopropane anesthesia. The marsupialized segment of the cj’st was dis- 
sected free from the wound edges, the old thoracotomy wound opened, and dis- 
section in the region of the attachment of the cyst showed the latter to be con- 
nected to the right side of the esophagus at the junction of its middle and lower 
thirds. Xo cleavage plane could be found and there seemed to be a common mus- 
cularis. Accordingly, the base of the cyst was cut across and the cyst removed 
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leaving a defect measuring fiboul 3 b 3 ' 2 cm. in size in tlio c.soplmgeal -wall. The 
esophageal defect was closed bj’ bringing the submneosa and muscularis together 
with a continuous suture of fine silk. The chest was closed with drainage of the 
pleural eavitj-. 

The patient’s postoperative course was stonnj- and on the third postopera- 
tive day the esophageal suture line broke down with the establishment of an 
esophagopleural fistula. Consequent! j-, two da 3 'S later, the chest was leopened in 
an attempt to close the fistula. The child did poorly during the operation, how- 
ever, and a hurried closure of the esophageal defect was carried out with inter- 
rupted fine chromic catgut mattress sutures to submueosa and muscularis in two 



Fie. 2 (Case 3, N. C.).— -Note large esophageal ijuplication filling two-thiras of right 

hemlthorax. 

ron s. Again, the chest n as closed with drainage. About one week postopera- 
tivoly saliva and curds appeared on the dressings despite the fact that the child 
had been maintained on gastric feedings via a Levin tube. The re-established 
esophagopleural fistula soon began to drain copious amounts of saliva, araonntmg 
to eight to ten ounces dail 3 '. 

A gastrostomy was performed, but despite carefully regulated feedings the 
child’s nutrition was maintained with difficulty because of frequent episodes of 
diarrhea, vomiting, and recurrent bouts of pneumonia. 
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About one year after tbo last attempted closure of the esophageal defect, 
the chest sinus completely closed over, but fluoroscopic study of the esophagus 
with barium revealed the persistence of a fistulous tract connecting the esophageal 
lumen and a cystic mediastinal cavitj’, Conscfjucntly, a second attempt at closure 
of the esophageal fistula was carried out by the transpleural route. Because of 
multiple adhesions, dissection wa.s difficult. A lemon-sized sac was encountered 
in the right side of the posterior media-stinuni. This was dissected free with con- 
siderable difficulty and was found to be .attached to the esophagus by a narrow 
3 cm. fistulous tract measuring about one inch in diameter. This tract was freed, 
clamped, and divided close to the esophagus, leaving a defect in the wall of the 
latter about one inch in diameter. The defect was closed by approximating 
mucosa with interrupted fine silk, muscularis witli mattress sutures of the same 
material, and finally bringing adjacent pleura over the .suture line with a con- 
tinuous suture. At tliis point in ’the procedure the child’s respirations became 
shallow and irregular, and complete excision of the sac could not be performed — 
instead, it was partially excised and the remainder marsupialized into the thora- 
cotomy wound, packed with rough gauze, and the chest wall closed. 

Pour days after this procedure the esophageal .suture line broke down and 
the fistula was re-established. Copious amounts of s.aliva were drained from the 
child’s chest wound. Two months after this last attempted clo.sure she developed 
a severe diarrhea associated with interstitial ]uieumonin and died at the age of 
1 year, 11 months, thus ending a fifteen months’ hospital stay. 

Pathologic Findings . — The surgically excised cyst measured 5 by 5 cm. Its ex- 
ternal surface was covered by a serous c.apsule (pleura) through which the mus- 
cular wall appeared pale graj' in color. There were two distinct muscular lamellae, 
each about 2 mm. thick, and on the inner surface a smooth, mucosal lining, yel- 
lowish red in color with large rugae and measuring from 1 to 2 mm. in thickness. 
ilicToscopic examination revealed the mucosa to be of gastric type. There were 
large branching glands of mucus-seeieting cells with smaller deeper cords of 
glands lined by parietal and chief cells. The submucosa was a well-defined struc- 
ture without inflammatory infiltration. Two la3'ers of smooth muscle constituted 
the muscularis. 

Diagnosis . — ^Duplication of esophagus lined bj- gastric mucosa. 

Autopsy . — Examination revealed a fistulous tract extending from the lower 
third of the esophagus through the right posterior pleural cavity to the chest wall. 
There were extensive fibrous pleural adhesions adjacent to the fistula, but there 
was no empj-ema. The right lower lobe of lung contained large areas of fibrosis. 
In addition there were multiple areas of lobular atelectasis and diffuse inter- 
stitial pneumonia, both acute and chronic, involving all lobes of both lungs. Aside 
from signs of malnutrition, there were no other significant findings. 

Case 4 (No. 257S7S). — ^P. H., a 3-week-old boj', was admitted to the Surgical 
.Service of The Children’s Hospital because of a mediastinal mass discovered roent- 
genologieallj' in a film of the spine taken in the routine orthopedic rvork-up of 
clubfeet. Birth was at full term, with normal deliveiy, and uneventful neonatal 
period. The babj- v.-;ghed 9 pounds at birth, took breast feedings well, and 
gained to 10 pounds rt the time of admission. Bilateral talipes equinovarus noted 
at birth had brougl't the infant to the orthopedic outpatient department. The 
mediastinal mass discovered bj- roentgenogram had apparently caused no symp- 
toms whatever. There was no respirator}- distress, cough, cj-anosis, hemoptysis, 
feeding difficulty, pain, or vomiting. 

Physical Examination . — Examination on admission shoved a well-developed and 
well-nourished male infant, in no distress. Color and hj-dration were good. Exami- 
nation of head, eyes, ears, nose, and throat was negative. The trachea deviated 
about 1 cm. to the right of the midline at the suprasternal notch. The heart was 
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not enlargoa, but tlic border on tlie right side of the lieart was percussed about 2 
cm. to the right of the sternum. TIic apical impulse was palpable at the left .sternal 
border in the fourth interspace. Heart sounds were of good quality and there were 
no murmurs. The lungs were clear to auscultation and percussion. No areas of 
dullness could be made out. There were no rules. The abdomen was soft and non- 
tender with no palpable organs or masses. Genitals, rectum, and reflexes were found 
to be normal on examination. There was bilateral talipes cquinovarus, more marlted 
on the left side. 

Laboratory w'ork on admission showed negative urinalysis, red blood count 
4,940,000, hemoglobin SO per cent, white blood count 0,700 with a normal smear. 
Blood Hinton test %Yas negative. 

Koentgenograms of the chest showed the heart and mediastinum to be dis- 
placed to the right by a large, 5 cm., rounded, well-circumscribed soft tissue mass 
in the posterior mediastinum, situated behind the heart and extending out into 
the left hemithorax. Fluoroscopic examination of the esophagus with barium 
showed that the esophagus was displaced forward and to the right bj' the mass. 

Course . — Shortly after admission mediastinal exploration was carried out under 
cyclopropane anesthesia. The chest was entered through a left posterolateral 
thoracotomy, resecting the posterior segments of the eighth and ninth ribs sub- 
periosteally. Upon opening the pleura a soft, yellowish-gray, cystic mass W'as 
noted in the lower third of the thorax. This was retropleural in location, meas- 
ured about 5 cm. in diameter, and was roughly spherical. Dissection readily freed 
the peripherj' of the cyst from the overlj'ing pleura and it was found to be at- 
tached by a pedicle about 1.5 cm. wide to the left wall of the esophagus at the 
.inaction of the latter’s middle and lower thirds. The cyst was then grasped with 
Allis forceps, drawn into the thoracotomy wound, and sutured to the pleura and 
intercostal muscle with interrupted 6-0 silk. The chest wall w-as then closed in 
layers wdth.'silk to the marsupialized cyst, following w-hich the exteriorized cyst 
wall was incised with the escape of three to four ounces of watery, blood-tinged 
fluid. Biopsy was done on a segment of the wall and the margins of the mar- 
supialized cyst were sutured to skin edges with interrupted 6-0 silk sutures. The 
cyst ’s cavity was then packed firmly w-itli gauze. 

The baby’s postoperative course was satisfactory. The exteriorized cyst drained 
moderate amounts of clear fluid which had an acid reaction. The gauze packing 
was changed frequentlj- at first. Feedings were taken well by mouth, and there 
was no evidence of a connection between the esophageal lumen and that of the 
cyst bj- clinical observation or by lipiodol injection. 

About one month after the original operation, the lining membrane of the 
marsupialized cyst was curetted thoroughly, snugly packed with gauze, and the 
pack left in place for one week. Following this procedure- the discharge from the 
sinus steadily decreased. The child was discharged home two months after entry 
and follow-up was carried on in the outpatient department. The sinus continued 
to discharge small amounts of serous fluid, necessitating daily dressings. The 
baby’s general condition remained excellent and he gained well. 

Nine months after the original operation the baby was readmitted because of 
persistence of discharge from the chest sinus and curettage was again carried out. 
At this time pathologic study of the curettings failed to show any mucosa but 
only granulation tissue and flbrinopurulent exudate. After a curettage of the 
lining membrane a gauze pack was again inserted. Postoperatively the discharge 
diminished temporarily, but soon became fairly profuse again. Consequently, one 
month later a secondary marsupialization of the cyst was performed under cyclo- 
propane anesthesia. The cyst wall was dissected free down to the esophagus, 
mobilizing the former adequately to allow excision of a cuff of distal cyst wall 
about 3 cm. long. The cavity was again thoroughly curetted, treated with 95 per 
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cent alcohol, and repacked with ganze. Postoperativcly, the baby did well, and 
the sinus graduallj' filled in with granulation tissue, being solidly healed in a 
month. 

Follow-up has been continued for three and one-half years and there has been 
no subsequent evidence of recurrence of the cj'.st by clinical or roentgenographic 
observations. The patient has developed normnll 3 ' and has no .sj’mptoms relative 
to his esophageal duplication (Fig. 3). 



B. 

Fig. 3 (Case 4, P. H.). — Aged 2-10/12 years. T-sro and one-half vears following treat- 
ment of esophageal duplication. 
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Fathologic Findings.— Slw segment of the wnll of the cyst showed it to be 
about 4 mm. thick. The pleura was reflected over and adherent to the outer sur- 
face resembling a serosa. The inner surface was lined by a pale, yellowish mu- 
cosa with definite rugae, hlicroscopic sections of the wall of the sac showed it 
to consist of a double layer of smooth muscle, a submucosa, muscularis mucosae, 
and a well-developed mucosa. The mucosa was characterised by fairly deep 
branching glands, lined by mucous cells near the surface, whereas the lower por- 
tions of the glands contained chief and parietal cells. The entire picture was 
characteristic of gastric mucosa. No abnormalities of the structure of the wall 
or of the mucosa were noted. 

Diagnosis . — Duplication of esophagus lined by gastric mucosa. 

Case 5 (No. 273768). — E. B., a 2-ycar-old boy, was first admitted to the Infants’ 
Hospital at the age of 1 year because of hemoptysis of three days’ duration. 
Family histoiy was noneontributory. Past history showed that the child was 
delivered normally at full term, weighing 7 pounds, with an uneventful neonatal 
period. The baby had been well until one week before admission when he de- 
veloped an upper respiratory infection with coryza, cough, and low-grade fever. 
In the three days prior to admission the patient coughed or “spit up’’ bright 
and dark blood in small amounts on several occasions. 

Physical Examination . — Examination on admission showed a poorly nourished, 
underdeveloped, pale boy with slightly labored respirations. 'Temperature was 
99.6° F.; pulse, 172; respirations, 32; weight, 15 pounds. E.xamination of head, 
eyes, ears, nose, and throat was negative. The chest was symmetrical and the 
lungs were resoirant throughout. Breath sounds were vesicular with a few scat- 
tered, coarse rales over the right base posteriorly. Heart was within normal 
limits. Abdomen, genitals, rectal, extremities, and reflexes were not remarkable. 

Laboratory work on admission showed negative urinalysis, red blood count 
3,350,000, with hemoglobin -tO per cent. White blood count was 39,900 with 61 
per cent polyraorphonuclears and marked hj’pochromia of red cells on smear. 
'Tuberculin was negative in dilution 1:100. Stool showed -t-f-H- guaiac test. Bleed- 
ing, clotting, and prothrombin times were within the normal range. 

Coarse. — Koentgenogram and fluoroscopic examination of the chest showed rather 
dense infiltration of the medial third of the right lung, more marked in the right 
lower lobe. In addition, there was a rounded, circumscribed, soft tissue mass 
about the size of an orange Ijnng in the central portion of the posterior mediastinum 
on the right. This caused no cardiac displacement (Fig. 4). Bronschoscopy with 
lipiodol bronchograms was next carried out showing no bleeding point or ulcera- 
tion in the tracheobronchial tree. There was some downward displacement of the 
right lower lobe bronchus b}' the posterior mediastinal mass but bronchograms 
were otherwise negative. Barium fluoroscopy of the esophagus showed no distor- 
tion or encroachment upon the latter by the mediastinal mass. An esophagoscopy 
showed no varices, ulcerations, or any other source of bleeding. Gastrointestinal 
series was negative. 

During this period of studies the baby had a low-grade fever, cough, and sev- 
eral episodes of coughing or “spitting up” blood. It could never be conclusively 
decided as to whether he had hemoptysis or hematemesis. He was maintained on 
sulfadiazine and given several small transfusions. 

Mediastinal exploration was decided upon after consultation between medical, 
surgical, and roentgenologic services. Diagnoses which were entertained included 
mediastinal tun\or, niediastinal eifusion or empyema, and esophageal duplication. 
Consequently, on the eighteenth hospital daj- mediastinal exploration was carried 
out through a right posterior thoracotomy under cyclopropane anesthesia. Pos- 
terior segments of the fourth and fifth ribs were resected subperiosteallv. 'The 
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pleura was stripped down oit tlie rib necks and tlio vertebral bodies in an extra- 
pleural approach to the mediastinal mass. This was only partially successful, 
however, as the pleura was inadvertently opened and the underlying lung ap- 
peared to bo rubbery iinrd in consistency and densely adiicrent to a poorly 
oircuniscribcd extrapleural mass which filled tiic right paravertebral gutter. The 
pleural defect was then closed and extrapleural dissection into the niodiastinuin 
revealed an extremely vascular mass of adherent intlamniatory tissue which con- 
tained old clotted blood in its midst. No cleavage planes could be found around 
this mass. The esophagus could not be identified. No cyst, discrete tumor, or 
fluid collection was encountered. As the center of the mass was broken into there 
was a very brisk hemorrhage which could be cheeked only by tight packing. 
The child’s condition at this point became critical despite transfusion, and fur- 
ther investigation of the mass was out of the question. Consequently, the wound 
was rapidly closed in layers around the pack whieli was left in place and led out 
through the lower angle of the incision. 

The immediate postoperative period was extremely stormy. Bleeding from the 
mediastinal mass continued at an alarming rate necessitating frequent changes 
of pack and multiple transfu.sions. The baby developed considerable pneumonitis 
witli pleural effusion and also a Stai)hy1ococmts tnireus wound infection, undoubt- 
edly related to the repeated packings which were necessaiy to control the per- 
sistent bleeding from the mediastinal lesion. Sulfadiazine was administered in 
full doses. Three weeks after the first operation a second procedure was carried 
out under local anesthesia in an effort to obtain a biopsy of the mediastinal mass 
and to stop the persistent hemorrhage. Again, the child’s precarious condition 
prevented anything more than biopsy and tight packing of the profusely bleeding 
sinus leading into the posterior mediastinum. 

The biopsy showed only granulation, tissue and no satisfactory diagnosis could 
be made. Eepeated chest pictures offered no clue as to the nature of the lesion. 
On the basis that we might have been dealing with hemangioma or a malignant 
neoplasm which had possibly eroded the wall of one of the great vessels, a course 
of roentgen therapy was given (a total of 2,100 r. over the chest and back). 

Two months after the first operation the bleeding tendency stopped and the 
wound could finally be left open ryithout packing. It slowly granulated in and 
was solidly healed in another month. During this period the child ’s nutrition and 
general health improved markedly. X-ray pictures of the chest showed the pos- 
terior mediastinal mass to bo smaller but still present. There were no subsequent 
episodes of hematemesis or hemoptysis. 

The child was sent to the convalescent home for several weeks and continued 
to improve in nutrition. However, a follow-up chest roentgenogram at this time 
showed a definite destructive lesion of the bodies of the sixth and seventh tho- 
racic vertebrae consistent with osteomyelitis. Consequently, he was readmitted to 
the hospital at the age of 17 months. Examination at this time showed slight 
dorsal kyphosis. There was a tiny sinus at the bottom of the old depressed thor- 
acotomy scar which drained small amounts of seropurulent material culturing 
Staphylococcus aureus. The baby was immobilized in hyperextension on a Brad- 
ford frame for two months and then placed in a plaster shell. The sinus healed 
completely and roentgenograms showed healing of the osteomyelitis. One episode 
of hemoptysis occurred when he was 19 months of age. Chest roentgenograms at 
the time showed the mediastinal mass to be even smaller, and gastrointestinal 
series was negative. 

Once more the child was sent to the convalescent home in his plaster shell and 
remained essentially as>-mptomatie for two and one-half months when small amounts 
of dark blood were noted to be draining from the small thoracotomy sinus which 
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He was re-admitted to the hospital and examination of the chest wound was 
essentially as before excepting that the edges of the tiny sinus appeared to be 
macerated. Black, changed blood was draining from the opening in small quan- 
tities. A few days after admission a few drops of clear fluid appeared in the 
sinus opening (Fig. 5). This had a pH of 4.0. Kepeated specimens were col- 
lected for chemical analysis showing acidity ranging constantly between pH 3.5 
and 4.5, definite peptic and rennin activity. Chloride was 120 meq./l with so- 
dium 89 meq./l. Eoentgenograms with lipiodol instillation into the sinus by 
means of a ureteral catheter showed a narrow tract about 3 to 4 cm. long ex- 
tending to a cystic cavity about the size of a walnut in the right paravertebral 
gutter opposite the sixth dorsal vertebra. Barium fluoroscopj' of the esophagus 
at the same time showed no displacement or abnormality of the latter’s contour, 
although the cyst lay close beside it. 



Fig. 5 (Case 5, E. B.). — Photograph of hack ten months after first operation show- 
ing sinus discharging "gastric juice.’’ 

Finally a definite diagnosis became apparent: esophageal duplication lined by 
gastric mucous membrane. The child was operated on again (approximatelj’ one 
year after his original hospital entiy); under cyclopropane anesthesia the sinus 
tract was first dilated and curetted and then dissected out down to the extra- 
pleural cystic cavity. Upon excising the sinus tract the fundus of the little cyst 
could be visualized directly. It was thoroughly curetted in an effort to remove 
all mucosa down to the gristly muscular wall. The wall was then treated with 
tincture of iodine and the cavity tightly packed with about seven feet of three- 
quarter inch iodoform gauze. This was left in place for ten days and then re- 
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moved end tlio envity allowed to graiuilato in. Healing was complete in four 
weeks w'itU no further discharge to suggest residual mucosal lining. At the time 
of this report, the osteomyelitis of the vertebrae remains quiescent and seems 
satisfactorily liealcd. The child is still under observation but will be discharged 
home shortly. 

Pathologic AVporl.— E.xamination of the cyst wall and curettings showed a mu- 
cous membrane which was histologically identical with gastric mucosa and en- 
tirely consistent with esophageal duplication lined by a gastric type of mucosa 
(Fig. C). 



Pig’. 6 (Case 5, E, B.). — Photomicrograph of lining of esophageal duplication in 
Case 5. Note typical gastric mucosa. 


PATHOLOGY 

Esophageal duplications are cystic structures of variable size pos- 
sessing thick walls and a mucous membrane lining. They arise in the 
posterior mediastinum and usually expand into the right or left hemi- 
thorax, remaining retropleural in location. The cysts have been en- 
countered along the entire length of the mediastinum but are most 
common in the middle third. 

Histologically, the duplications usually have a two-layered muscular 
wall resembling esophagus. The mucosa, however, does not neces- 
sarily correspond to that of esophagus, but may closely simulate gas- 
tric mucosa. Some of the cysts have elements of both esophageal and 
gastric mucous membranes. A true serosa is absent, although the 
pleura is occasionally reflected over the larger cj^sts so as to resemble 
grossly a serosal coat. 

Perhaps the most significant fact from a surgical viewpoint regard- 
their histology is the frequency of an intimate attachment to the 
esophagus. The muscular coats are usually densely adherent to those 


830 


SURGERY 


of the esophagiis and, indeed, there may he a common miiscnlaris be- 
tween the two structures. A few of the duplications have been found 
to have no attachment whatsoever to the esophagus. 

One of our eases falls into the latter group, while in three patients 
the duplications were attached to the esophageal wall with no inter- 
vening plane of cleavage. In one individvAal the cyst’s attachment 
could not be determined at opei-ation. None of the duplications in 
our series had a fistulous communication with the esophageal lumen 
as occasionally found in duplications of the intestine. Such a connec- 
tion is a theoretical possibility but has never been reported, to our 
knowledge. 

The contents of the cysts usually resemble gastric juice. In our last 
patient the fluid gave positive tests for rennin and pepsin. As the 
acid-secreting elements of gastric mucosa are frequently present, high 
titers of hydrochloric acid may be encountered. One case is reported 
iir the literature* of peptic ulcer developing in an esophageal dupli- 
cation and giving rise to a fatal issue by perforating into the pleural 
cavity and lung. Peptic ulceration best explains the changes found at 
the first operation in Case 5 hr our series. 

The cysts vary considerabl 3 ’^ in size. Our largest specimen filled 
two-thirds of the right thoracic cavity in’ a 22-month-old bo 3 ^ The 
others averaged about 5 cm. in diameter. Four of our patients had 
a typical gastric tj'pe of mucosa, while the other presented a lining 
membrane resembling esophageal mucosa in some areas, gastric in 
others, and duodenal in still other sections. 

EMBRYOLOGY 

Numerous theories have been pi’oposed in an attempt to explain the 
occurrence of alimentary duplications in general.*’ *’ ® Those occur- 
ring along the course of the small bowel were formerly thought to be 
related in some fashion to Meckel’s diverticulum. Twinning affecting 
only a portion of the alimentary tube has been advanced as a possible 
explanation, but proof of such occurrence is lacking. 

Lewis au't Thyng® found diverticula frequently in the fetal alimen- 
tary tra,’!: of pigs, rabbits, cats, sheep, and man. According to these 
authors, ^.uch diverticula normally regress, but persistence or seques- 
tration of a “knoblike outpocketing of intestinal epithelium” might 
give se to an adjacent duplication either separate from or connected 
witi die alimen'ary wall or lumen. HoAvever, diverticula resembling 
tho«e described in fetuses by Leivis and Thyng are extremely rare in 
eady postnatal life. The clinical eindence also fails to suggest their 
theorj'. The fetal diverticula were most common in the region of the 
duodenum while alimentary duplications are found most frequently 
in the lov er jejunum and ileum. Nevertheless, it is possible that some 
duplications haim their origins in such diverticula. 
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According to Keith’ tlic development of an alimentary duplication 
is analogous to that of an atresia. In the latter there is a failure of 
coalescence of vacuoles in the solid stage of the aliment arj’ tube in its 
longitudinal axis so that the continuity of the lumen is not established 
aborally. Keith feels that a duplication results from failure of coales- 
cence of sueli vacuoles in a transverse manner. Thus, a cystic structure 
is left contiguous to some portion of the alimentary tract. Bremer® 
supports this theory and points o\it that the various forms of a dupli- 
cation’s attachment can be explained by the relative distance of the 
sequestrated A’acuoles from the true lumen of the primitive alimentary 
tube. That is to say, if the sequestrated vacuoles are close to the 
lumen, the duplication vhieh develops may be separated from the ali- 
mentary lumen only by two layers of mucosa, which may undergo 
necrosis, thus giving a lumeual connection between gut and duplica- 
tion or, if the distance be greater, submucosal and muscular layers 
may intervene, until with the greatest degree of separation there may 
be no attachment at all between the duplication and the alimentary 
tube. 

The ideas of Keith and Bremer offer the most rational explanation 
of the embryologic development and subsequent form of alimentary 
duplications as encountered by the surgeon. 

CLINICAL ASPECTS 

Duplications of the esophagus, like the other forms of alimentary 
duplication, are usually encountered in infancy and early cliildhood. 
Our youngest patient was 3 weeks of age, while the oldest was 22 
months. The oldest recorded ease in the literature was a boy 3% years 
of age.® Both sexes are equally involved regarding incidence. 

The symptoms caused by esophageal duplication are not only those 
of an expanding mediastinal mass, but in addition there may be the com- 
plicating features of peptic ulceration of the Avail of the cyst. 

Cough, dyspnea, cyanosis, and recurrent or chronic pneumonias are 
common presenting complaints referable to pulmonary compression and 
extrinsic bronchial obstruction by tlie encroachment of the duplication. 

Dysphagia and regurgitation of feedings occur Avith impingement 
upon the esophageal lumen. 

Apparentl 3 ^ pain maj’- be caused bj'- distention of the Avails of the 
duplication Avith increased intrae3''stic pressure. 

Hematemesis and hemoptysis maj’- occur separately or even in the 
same patient. The former probably results from damage to the blood 
supply of the esophageal Avail by the expansion of the adjacent cyst 
with resultant sloughing of the esophageal mucosa. Hemoptjms oc- 
curred in one individual reported in the German literature'* as a result 
of peptic ulcer in an esophageal duplication penetrating into the over- 
lying lung. Three of our patients had repeated hemoptyses as a result 
of puhnonarA’ compression Avith superimposed pneumonia. 
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Physical examination usually discloses definite indications of tho- 
racic disease, hut rarely allows the clinician to make a specific diag- 
nosis. Obvious respiratory difficulty and cyanosis are common. Mal- 
nutrition and the hallmarks of chronic illness are frequently present. 
There may be a massive pleural effusion. Signs of chronic pneumonitis 
and pulmonary compression may be found. Occasionally the duplica- 
tions are large enough to cause shift of the heart and mediastinum. 

Our youngest patient (P. H.), aged 3 weeks, had no apparent symp- 
toms and practically no physical signs of esophageal duplication, the 
presence of the cyst being disclosed inadvertently by a roentgenogram 
of the spine taken in the routine orthopedic work-up for club feet. 

ROENTGENOLOGIC FINDINGS 

Esophageal duplications present roentgen changes characteristic of 
posterior mediastinal tumors or cysts. Details of the duplication's 
outline may be obscured by secondary changes in the lung and par- 
ticularly by pleural fluid, hlost duplications are roughly spherical in 
• contour and haA-^e a uniform homogeneous density due to their fluid 
content. The heart and mediastinal structures may be displaced. 

Lipiodol bronchograms usually shoAv pulmonary compression by the 
retropleural duplication, and aid in differentiating the latter from 
bronchogenic cysts and anomalies. Fluoroscopy of the esophagus with 
contrast media showed no fistulous connection betiveen duplication and 
esophagus in any of our patients. However, the esophagus was fre- 
quently displaced or angulated by the adjacent mass. 

Esophageal duplications occasionally erode the bodies of the tho- 
racic vertebrae or the overlying ribs. 

TREATMENT 

The most significant fact to be considered in the surgical extirpation 
of esophageal duplications is that, with rare exception, they share a 
common muscularis with the esophagus itself. Thus, there is obvi- 
ously no plane of cleavage to be found betAveen the duplication and the 
esophagus, and an attempted excision may result in an extensive de- 
fect in the esophageal Avail. The cyst’s attachment is frequently 
AAudely sessile. In one of our cases (D. S.) the attachment consisted of 
about tAvo-thirds of the length of the esophagus. 

Because of the nature of the attachment of esophageal duplications, 
extirpation of the cyst by means of marsupialization with subsequent 
destruction of the mucosal lining appears to us to be the most conser- 
A'athm and by far the safest procedure. Experience AAuth our OAvn 
cases seems to bear this out. 

In every case Ave have approached the duplication through a pos- 
tei’ior or posterolateral thoracotomy entering the pleural cavity on the 
side ill AAffiieh the greater portion of the cyst presented. The dupli- 
cation can usually be readily dissected free from the adjacent lung. 
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In tlu-ec inslancos tlie cluplicntion av.ts then niarsupialized lij^ freeing 
it thoroughly oxcopl fi’oin its esophageal attachment and then drawing 
the most readily available portion into the thoracotomy Avoiind. The 
pleura was then sutured cireumfercntially to the Avail of the duplica- 
tion and the chest Avail closed in layers, the lung being re-expanded by 
catheter-suction technique. After the closure of the Avound the mar- 
supialized segment of cyst Avas opened, contents aspirated, and the cavity 
paelced Avith rough gauze to destroj’^ the mucosal lining (Fig. 7). 



By adopting this technique the dangerous complications of esophago- 
pleural fistula and mediastinitis are obAuated. The mucosal lining of 
the cyst can be desti’oyed bj- packing or by the use of sclerosing solu- 
tions, allowing the denuded Avails of the cyst to fall together with 
subsequent spontaneous obliteration of the duplication. 

In tAvo indiA'iduals an attempt Avas made to excise comjjletely the 
niarsupialized duplication as a second stage procedure. In one of 
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these, partial excision of the cyst was done, leaving the medial wall 
attached to the esophagus and packing this and the pleural cavity with 
rough gauze. A chronic draining sinus developed, but the esophagus 
was not damaged and the patient recovered, the sinus closing com- 
pletely in several weeks. In the other patient, excision of the dupli- 
cation left a sizable defect in the esophageal wall. Although this was 
sutured in a seemingly satisfactory manner, a leak developed and an 
esophagopleural fistula Avas established. This per-sisted despite two 
.subsequent attempts at eIo.sure and the patient finally succumbed to 
mediastinal, pleural, and pulmonai-y infection. 

Our fourth patient Avas treated in a more satisfactory and safer man- 
ner by continually packing and curetting the caA'ity of the marsupi- 
alized cyst until the mucosa Avas destroyed and spontaneous closure 
of the sinus took place. 

In OAir most recent case (E. B., Case 5) Ave Avere nnable to make a 
conclusive diagnosis until almost tAvelve months after the child's initial 
hospital entry. The A'aseular inflammatory tissue Avhich bled so pro- 
fusely Avhen the mediastinum Avas entered at the lir.st operation appar- 
ently represented the bed of a penetrating peptic ulcer of an esophag- 
eal duplication, and because of the profuse hemorrhage and extensive 
inflammatory reaction the nature of the underlying lesion did’not be- 
come clear until months later AA'hen the persistent Avound sinus began 
discharging “gastric juice.’’ Since Ave had unAvittingly performed a 
marsupialization, although hardly in a manner to be recommended, it 
remained a simple matter to excise the sinus, Avidely exenterating the 
cystic caAnty, and begin destruction of its mucosa by curettage and 
packing. 

The first patient in this group of fiAm eases had a small duplication 
AA’hich could not be found at exploratory thoracotomy, and subse- 
quently he died Avith pneumonia. At post-mortem examination the 
duplication Avas found to be completely free from attachment to the 
esophagus, and represented one of the extremely rare types Avhich 
might haA'e been safely excised. 

Thus, tAvo of our flA'e patients have died, Avhile the other three have 
recoA’ered. FolloAV-up on one of these (D. S.) has continued for six- 
teen years, another (P. H.) for tAvo and one-half years, and the third 
(E. B.) is noAv in good health Avith the Avound healed tAvo months after 
his last operation. The first tAvo children haA’C developed normally 
and neither has any demonstrable disturbance of mediastinal or pul- 
monary anatomy or physiology at the time of this communication. The 
esophageal duplication has apparently been obliterated in the last in- 
dividual, but full activity Avill not be alloAved for seA'eral months be- 
cause of the old osteomyelitis. 

suaim.ary 

1. Duplications of the esophagus are mediastinal cysts of develop- 
mental origin occurring along the course of the esophagus. 
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2. They possess luiiseular walls and nuicous incinbi'ane linings which 
nsnally shnnlate gastric, inncosa and are sohject to peptic ulceration. 

3. The cysts frequently have a coiuniou wall with the esophagus, 
thus rendering their complete excision almost impossil)le without 
e.sophageal dajnage. 

4. Five individuals with esophageal duplications have been treated 
at The Children’s Hospital during the last fifteen years. Case histories 
of these patients are reported in detail. 

5. Experience with these individuals indicates that surgical extirpa- 
tion of a duplication of the esophagus may best be accomplished by 
marsupialization of the cyst and subsequent destruction of its mucosal 
lining. 

6. Three of our five patients have recovered. 
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PRniARY LY]MPIIOSARCO:\rA OF THE BREAST 


Frank E. Adair, jM.E., and Julian B. JIkrraiann, if.D. 

New York. N. Y. 

(From Ihe Breast Department of the Memorial TTospital for Cancer and 

Allied Diseases) 

S INCE lyinpliosai'conia is a disease ol the lymphatic structures, any 
part of the body containing lyniplioid tissue may lieeome involved. 
Enlargement of the superficial, retroperitoneal, or mediastinal lymph 
nodes is u.sually the earliest manife.station of tlie disease process. Later 
the maladj’ may involve other organs and structures. In some in- 
stances the disease proee.ss may haA-e its inception in an organ. 

An organ infrequently affected by this disease, judging by the 
paucity of reported cases, is the breast, fiross, in 3880, removed a 
growth of three months’ duration from the upper, outer border of the 
left mamma of a 22-year-old Avoinan. Tlie histologic diagnosis ivas 
lymphadenoid sarcoma. In 3933 Baumgartner wrote, “We know of 
only two cases of lymphosarcoma of the mamma. The first is that of 
Billroth and the second is that of Halsam.’’ Geist and Wilensky, iu 
1915, reviewed the literature on sarcoma of the breast and compiled a 
list of 435 cases, of Avhich 5 Avere' classified as lymphosarcoma. 

The number of authentic examples of breast inA’olvement reported 
in the literature is furthei- decreased if those are eliminated Avhich arc 
exToneously diagnosed as lymphosarcoma. As an illustration there is 
the ease reported by McWilliams as bilateral lymphosarcoma of the 
breast in Avhich the biopsy Avas “benign lymphoma” and the blood pic- 
tui’e rcA'ealed a leucemia. It may reasonably be assumed that the 
breast lesions Avere leucemic rather than lymphosarcomatous manifes- 
tations. Also the differentiation betAveen lymphosarcoma and round- 
cell sarcoma is not ahvays clear. Thus Geist and Wilensky, in their 
preA'iously mentioned revicAv of breast sarcoma, said, “In tAvo of our 
cases a previous diagnosis of lymphosarcoma of the breast had been 
made. The gross and histologic jnetures of these tumors correspond 
accurately Avith those of round-cell sarcoma.” On the other hand, 
Dually considered as primary lymphosarcoma the case Avhich Heineke 
reported as round-cell sarcoma of the breast. In Elsberg’s ease of 
multiple lymphosarcoma of the breasts, the terms lymphosarcoma and 
round-cell sarcoma appear to be used interchangeably. 

The confusion arises because of the inadequate classification of 
breast sarcomas. This is emphasized by Eiving, Avho says, “When one 
excludes from the group of mammai'y sarcomas the adenosarcomas, the 
malignant forms of mixed tumors containing cartilage, bone, mucoid, 
or fat tissue, and certain malignant round-, spindle-, and giant-cell 
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alveolav i)seudosavcoinas, ^vhiell arc really aty])ical carcinomas, lliere 
is little remaining of a once formidable group ot mammary neoiilasms. 
There are reasons for believing lhal such a disintegration of the group 
is justifiable. In fact, the situation today is much as it Avas in 1894, 
'^vheii Williams found it impossible to write the history of pure mam- 
mary sarcoma because of the absence of requisite data. 

The round-cell sarcomas of various authors form an ill-defined group. 
They probably include very atypical tumors of the same nature as un- 
classified spindle-cell sarcoma.s, atypical cai’cinomas, and some pigment- 
free melanomas.” 

Lymphosarcoma of the breast may be a local manifc.station of the 
disease Avhich has originated elsewhere in the body, or it may be a 
primary lesion in this organ. The secondary focus may be a discrete 
metastatic lesion or it may be a direct extension from a mediastinal 
twmov. An example of the latter mode of mvolvemeut of the breast is 
the ease described by Schoen. The patient had suffered from gyne- 
comastia in his youth. This subsided, but at the age of 38 years both 
breasts underwent painless enlargement with no other evidence of 
disease. Eight months later nodules appeared in the skin of the scalp 
and trunk, followed by cervical and axillary lymphadenopathy. The 
patient died six months later and an autopsy revealed generalized 
lymphosarcomatosis Avith a huge mediastinal tumor and massh'^e in- 
volvement of both breasts. Thei'e Avas a direct connection betAveen the 
mediastinal tumor and the tumor in the left breast through the inter- 
costal muscles. The tumor in the right breast Avas unconnected Avith 
the mediastinal mass. 

Various Avriters on the subject of lymphosarcoma of the breast liaA'e 
been at a loss to explain the occttrrence of the disease in this organ. 
Geist wrote, “We Avere unable to demonstrate that lymphoid tissue 
occurred normally either in the breast proper or in the skin overlying 
it, nor could Ave find references in the literatiu'e to its occurrence, and 
we Avere forced to conclude that lymphosarcoma does not occur pri- 
marily in the breast and that the tumors so classified heretofore Avere 
in all probability small, round-cell sarcomata.” In his paper on 
lymphosarcoma of the breast Harrington says, “The explanation for 
the presence of a primary lymphosarcoma of the breast is rather diffi- 
cixlt, since lymph follicles are not oi-dinarily located there, but the 
folloAA'ing suggestions may be made. Large collections of lymphocytes 
are found in the mammary gland in most chronic pathologic entities 
affecting the breast. Secondary lymph follicles may be foimed and a 
continuation of the stimulus, Avhatever it is, may produce a malignant 
change.” 

On this phase of the subject SteAvart and Eoote'"' were kind enough 
to cont ribute the folloAving explanation; “There are commonly found 
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ill the breast lymphoid infiltrates in the lobules and about the ducts. 
These, sometimes, are highly developed and contain definite germinal 
centers. There is every reason to believe that these are the origin of 
the lymphomas. IMoreover, in some of the eases of lymphosarcoma 
seen at this hospital there are found foci of lymphomatous infiltrates 
of benign appearance and not in direct continuity vith the true 
lymphosarcoma. ’ ’ 

There are some intra- and .iuxta-node groups which may possibly 
be the site of origin of the disease in some instances. Their location 
may be indicated most clearly by the following brief description of the 
breast Ijanphaties (Fig. 1). 


External mammary chQin-| 
(Superior group) 





-Subclavicular nodeg 




... Internal 


mammary 

I®' ;■ Inode's 


Axillary, 
group 

Central group 

Subgcapulor node-' 

External mammary chain-' 
(Inferior group) 

Paramammillary node 
(Gerota) 

, Lateral trunk-' 



nodes 

^Medial trunk 
(Areolar and subareolar 
plexus 

-Circumareolar plexus 
^Cruickshank’s node 
•-Interpectoral node 


Fi&. 1. — Lymphatics of the breast. (Adapted from Rouvi^re. Anatomy of the Human 
Lymphatic System. Translated by Tobias, Ann Arbor, 1938, Edwards Brothers, Inc.) 


As in other regions of the body, the lymphatic system of the breast 
is composed of two elements: vessels and nodes. The cutaneous 
lymphatic vessels form a dense network lying in several planes in the 
areolar region. The most superficial of the areolar plexus is continuous 
vith the Ijunphatics of the skin of the breast. Beneath this superficial 
plexus and connected with it is the subareolar plexus. This plexus 
receives the major r ortion of the lymphatics of the mammary gland. 

The meshwork oi lymphatics which is dense in the subareolar region 
thins out toward the periphery of the gland and in this location is 
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known as tlie circinnareolai' plexus. This plexus at its outer aspect is 
continuous with and has the same eonfifiuration as the lymphatics 
of the anterior thoracic wall. 

The lymphatic trunks of the mammary gland proper arise in the 
inter- or perilobular network. Some of these vessels then follow the 
lactiferous ducts, receive lymphatics from them, and finally terminate 
in the subareolar plexus. Other lymphatic trunks do not enter the 
subareolar plexus but traverse the gland to its periphery where they 
emerge to terminate in the axillary nodes. Still other trunks run pos- 
teriorly with the perforating vessels to terminate in the internal mam- 
mary chain of nodes. Occasionally a trunk teiminates directly in the 
transverse cervical chain of nodes. 




FISJ. 2 (Case 1) — Elevation of right breast and letiaction of the nipple aie well maiked 
The deformity produced by the tumor is visible on the 11 o’clock radius 


Two large collecting trunks, a medial and a lateral, connect the sub- 
areolar network with the axillary nodes, the former draining the 
upper aspect of the breast and the latter the lower part. 

Lymph nodes are found in association ivith the lymphatic vessels 
and may be divided into three groups : 

First, the small cutaneous nodes described by Cruikshank. These lie 
between the integument and the exterior surface of the mamma and 
are situated between the nipple and the axilla, in association with the 
collecting lymphatic trunks running to the axillary nodes. 

Second, the nodes described by Kermisson. These are few in num- 
ber but are consistently present, lying deep in the gland in association 
with the lympiiatic trunks that follow the lactiferous ducts. To quote 



S40 


SURGDRY 


Kennisson’s description. “They are so intimately connected Avith the 
gland structures that at times it is difficult to decide Avhether a tumor 
is composed of mammary tissue itself or if it is formed from these 
nodes.” 

Third, the paramammary nodes described by Gerota Avhich are not in 
the strict sense of the ■word mammary nodes. They do not lie in the 
gland but are .sitiiated just outside of it in the anterior abdominal ■wall. 



Figr. 3 (Case 1). — ^The tumor lies in the fat just heloTS- the skin and is well circum- 
scribed. 

Description of Gross Specimen: A. fat breast with residue of thickened ducts. 
PTominentl>' bulging the breast just below and external to the nipple was a large, 
freely movable, fairly soft, elastic, rubberj-, circumscribed tumor measuring C by 5 
by 5 cm. On section the tumor was soft, pinkish gray with areas of hemorrhage. In 
the axilla were several enlarged nodes which, however, consisted of a thick peripherj' 
of n-mphoid tissue surrounding bulk}' fat lobules. 


Since the breast commonly contains lymphoid infiltrates and some 
lymph nodes, the possibility of involvement of this organ by lympho- 
sarcoma is readily explained. Secondary involvement by the disease 
is probably more common than a studj' of the literatnre would indi- 
cate. The breast is not usually .sectioned routinely at autopsy so that 
localized disease in this organ, too small to give physical sign.s, may 
be easily overlooked. 

Primary lymphosarcoma of the breast is an uncommon disease. In 
true primary lymphosarcoma of the mamma the disease arises here and 
remains localized a longer or shorter period of time. In order to estab- 
lish this diagno.sis there must be no evidence of the disease outside the 
breast. This is self-e\ident since the etiologj' of the disease and its mode 
of spread is imkno-rtH, although AVillis believes it extends predominantly 
by lymphatic routes, spreading from node to node. Hence if two foci are 
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preseiii aV tlie iiiilial cxaminatioi\ (iov example, a mass in the breast 
and enlarged ipsolaleral axillary nodes), it cannot be determined 
wbicb is the primary lesion. Similarly if a nodnle is present in both 
breasts one may be primary and the other metastatic, nnless the theoi-y 
that the disease may be mnlticentric in origin is adopted. 

The definition and classification of the manifestations of breast 
lymphosarcoma are important from the standpoint of treatment and 
prognosis. The follon’ing classification is proposed. 

1. Primary lymphosarcoma of breast 

A. Localized unilateral 

(a) Single focus 

(b) jilultiplc foci 

B. Diffuse bilateral 

2. Secondary lymphosarcoma of breast 









-lit 















Fig. 4 (Case 1). — Reticulum-cell 1} mphosarcoma (X225). 


The diffuse type is an interesting condition. Cases have been re- 
ported by many clinicians (Pasqualino, Dellepiane, Billroth, Pi-ascella). 
The majority of them occuiTed in young, pregnant Italian women, 
either nulliparas or multiparas, in their late twenties and early thirties. 
The condition, u'hieh is bilateral, manifests itself during the early 
months of pregnancy Avhen the breasts enlarge quickly and soon reach 
a huge size. The enlargement may start simultaneously in both breasts 
or it may begin in one before the other. 

Examination reveals huge, pendulous breasts in which the skin may 
be infiltrated, of a pinkish or A’iolaceous hue, enlarged veins, and 
elevated surface temperature. The appearance is often similar to that 



842 


Surgery 


seen in carcinomatous skin infiltration. On palpation there is no ten- 
derness but the mammae are hard and indurated. The axillary lymph 
"nodes soon enlarge. The mammary glands, in the reported cases, 
weigh from 5 to 10 pounds each. Blood studies reveal nothing of im- 
portance except an occasional secondary anemia. 

The disease is rapidly progre.ssive, the outstanding symptoms being 
anorexia and Aveight loss. The patient usually goes through the preg- 
nancy, is delivered of a normal baby, and dies within a few months 
after parturition. These breasts do not lactate. Autopsy reveals a 
disseminated lymphosarcomatosis. 



Description of Gross Specivien: A radical mastectomy with shin ellipse measuring 
2G by 11 cm. Near the center of the ellipse was a retracted nonulcerated nipple. 
When the breast was sectioned, in the lower portion of the upper outer quadrant a 
tumor nodule measuring approximately 2.5 cm, in diameter was found. It was lying 
approximately 4 cm. from the inner line of transection of the specimen and also was 
lying 3 cm. deep to the skin and approximately the same distance above the pectoral 
muscles. The bulk of the tumor on cross section was composed of soft, yellow-gray 
necrotic tissue. However, there was a rim of translucent gray, nodular, Ann tumor 
tissue apparently still viable. The remainder of the breast tissue was firm and 
fibrous where it was not replaced by fat and no lobulations could be seen grossly. 
The ducts were not dilated but were surrounded by increased amounts of connective 
tissue. No grossly involved nodes were found in the axilla. 


Ewing has raised the question, specifically in connection Avith the 
case described by Billroth, Avliether this condition is a Amriety of 
rapidly groAving atypical carcinoma of pregnancy. The consensus of 
opinion, hoAvever, of those Avho haA-e liad an opportunity to study this 
disease is that it is lymphosarcoma. 

There is a similar type of diffuse iuAmlvement of the breast seen in 
Hodgkin’s disease.* This, hoAvever, may he unilateral and is secondary 
to a generalized process. 


To be published. 
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Localized lympliosarconia of the breast is a rave condition. During 
tlie past twenty years 4,445 patients with benign tumor and 6,519 pa- 
tients with malignant tumor were seen on the breast service of the 
Memorial Hospital. Of this lotal of 10.964 patients, only five had pri- 
mary localized lymphosarcomas. One of these patients underwent a 
local excision of the tumor at another institution prior to admission to 
the l^lemorial Hospital clinic. The pertinent data of the five cases 
have been tabulated (Table I). A review of the literature discloses 
but two additional cases, that of Harrington and that of Pox, which 
satisfy the criteria for primary lymphosarcoma of the breast. 



Figr. 0 (Case 2). — Highei magnification of the i eticnlum-cell lymphosarcoma shown in 

Fig, 5.— (X225). 


Our series is much too small to permit of accurate conclusions. How- 
ever, a few generalities ^vill be attempted. The patients Avere A\hite 
Avomen in the fourth or fifth decade. Their average age Avas 50 years, 
3 months. The elapsed time betAveeu the discovery of the tumor and 
the institution of therapy Avas short; from tAvo to four Aveeks. The 
right breast Avas involved in four of the five patients. With the ex- 
ception of one patient in Avhom the affected breast contained tAvo 
lesions, the iiiAmlAmment occurred as a single focus of disease. The 
lesion Avas located in the upper outer aspect of the right breast in four 
of the patients. The mass in eimry instance Avas small, ranging in 
diameter from 1 cm. (the smallest) to 4 cm. (the largest). Of the four 
patients seen before operation there Aims nixiple retraction in one and 
skin attachment or dimpling in three. X-ray studies of the chest Avere 
made in three patients and rei'ealed an absence of pulmonary or medi- 
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astinal itivolvcmont. Blood studies, in the canes when they were car- 
ried out, gave normal findings. 

All of the patients, with the exception of the one who underwent a 
local excision of the tumor at another clinic, were treated exclusively 
by surgery. The procedure in three was a radical mastectomy and in 
the fourth a simple mastectomy with a low axillary di.ssection. The 
patient whose tumor had been locally excised previous to consultation 
at this clinic was treated Avith high voltage x-ray applied to the area 
of excision. The axilla Avas not radiated. 

The pathologic rejiort Avas reticulum-cell sarcoma in three of the 
patients operated on and follicular lymphosarcoma (Brill-Symmers’ 
disease) in the fourth. The slide submitted from the case in Avhieh the 
tumor AAms excised at another clinic was intei’pi’cted as “consistent 
AA'ith lymphosarcoma.” No axillary node iiiAmlvement Avas found in 
{pry patient. In tAvo of the patients (Gases 4 and 5) the pathologist’s 
description of the gross findings Avas very suggestive that the process 
had its inception in the nodes described by Cruikshank. The descrip- 
tion of these gross specimens is given Avith the res])eetive photomicro- 
graphs (Figs. 8 to 11). All the pathologic studies Avere made by Dr. 
Fred Steward and his associates. 

The protean nature of the lesion may be judged from the proAusional 
diagnoses Avhich Avere carcinoma, malignant lesion, cyst, and fibro- 
adenoma. The various conditions Avhich must be considered in a dif- 
ferential diagnosis and the diagnostic criteria are given in Table II. 
The only points suggestive of diagnostic significance are that the mass 
occurred in the upper outer quadrant of the right br’east in four of our 
five patients, and that the mass in CA'ery instance Avas .small, less than 

Table II 

Differential Diagnosis of Breast Nodules 
disease" I PRESUMPTIA'EEAUDENCE | CONCLUSIVE EVIDENCE ~ 
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4 cm. in diameter. Tlie latter tindiiig- may be due to the fact that the 
lesions -were discovered early. These critei-ia are of little differential 
diagnostic value since carcinoma occurs frequently in that location, in 
the same age group, and ndth the same characteristics. That the con- 
dition may closely simulate carcinoma is exemplified by the circum- 
stance that this was the lorovisional diagnosis in two of the patients in 
the present series. In cases reported by Ohon and Roman and by Clair- 
mont, the patients underwent a I'adical mastectomy for supposed carci- 
noma of the breast which siibsequently was proved to Ije lymphosarcoma. 
A post-mortem examination revealed a large inedia.stinal tumor as part 
of a widespread abdominal lymphosarcomatosis. 



Fie. 7 (Case 3). — ^Lymphosarcoma (X22o). 


This type of error can be avoided by a preoperative chest x-ray. A 
mediastinal mass is .suggestive of lymphoma or metastatic carcinoma, 
either of which is a contraindication to surgery. The blood examina- 
tion is also important as a diagnostic aid in breast nodules caused by 
leucemia or chloroma. In the ultimate analysis the correct diagnosis 
can be made only when tlie tumor is removed and examined micro- 
scopically, although the aspiration biopsy findings were suggestive of 
a lymphomatous process in evei'y one of onr patients. 

Primary lymphosarcoma of the breast, like that of the stomach, is a 
distinct entity. This form of the disease may be of lower-grade malig- 
nancy than generalized lymphosarcoma and may tend to remain local- 
ized for a considerable period of time. For that reason earlj’ recog- 
nition is important since the disease is amenable to surgery in its 
localized phase. Fall has recently published a serie.s of forty-eight 
cases of Ijnnphoma of different organs and structures in which the 
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patients were treated liy surgery Avilli an average survival period of 
5.2 years. This figure is about double that obtained liy other methods 
of treatment in similar cases. 


Tliree of our patients vere treated by radical ma.stectomy and are 
alive and free of disease seven years, three years, and six months, re- 
spectively. One patient was treated by local excision of the lymphom- 
atous nodnle followed by deep x-ray therapy and is alive and free 
from disease one and one-half years after the surgical pi'oeedure. In 
one patient a simiile mastectomy with low axillaiy dissection was per- 
formed. This patient is alive and free from disease three months fol- 
loAving operation. 

A survey of the reported eases of lymphosarcoma of the breast in 
which the patients Avere treated by' surgery (Seidemann, Ghon and 
Koman, Clairmont, Finslerer, Ivundral, D ’Annoy and Wright, Schreiner 
and Thibaudeau, h’ox, Hill and Stout, and Harrington and J\Iiller) re- 



Fig. S (Case 4). — ReticuUim-ccll lymphosarcoma, low magnification (X-IS). 
nescril)tion of Gross Specimen: Moderate-sized radical mastectomy of the right 
side. Five centimeters from tlie nipple was an area of skin dimpling. Beneath 
this area of skin alteration a not too well-defliied but firm tumor could be felt. On 
section tlie central portion of this tumor lay 7 cm. from the base of the nipple. The 
tumor lay in the fat and connective tissue which separated the skin from the under- 
lying breast tissue. On first glance there was a fleeting impression that the tumor was 
lipomatous but after complete section this false appearance was seen to be due to the 

tact that the tumor at its penphevy roo-™-’ = — *■■■ -n-ith the lobules of 

fat. The tumor measured about 5 cn with the bulk of the 

tumor being about 3 .7 cm. It was II demarcated, since 

there were peripheral extensions into s. After section the 

tumor did not feel film but was of < id tissue. The solid 

part of the tumor iiad the flsh-fleshlike appearance of lymphoid tissue. The breast 
tissue showed but little fat replacement. Theie was moderate dilation of most of the 
larger mammal y ducts and tliey contained creamy yellowish material. Not a single 
cyst was seen and no other lesions were grossly visible. The mammary lobules were 
fairly numerous and seemed rather small. In summary, the bieast tissue was un- 
usually homogeneous. Kiglitcen nodes were dissected from various areas in the axilla. 
These were pea sized or .slightly larger save for one node which was l.r, cm. in diam- 
Oter. This node was slightly firm at one point near its capsule but definite structural 
alteration was not seen. 
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veals that vuth the exception of the patient of Ilarrinfiton and tliat of 
Schreiner, none survived more than a few montlis. Schreiner’s patient 
had palpable nodes in the right axilla at the time the I'ight i-adical 
mastectomy was performed. Although she soon developed widespread 
metastases, these were controlled by irradiation for a period of almost 
five years, after which there is no record. Harrington’s patient was 
alive and free of disease six years after radical mastectomy. D 'Annoy 
gives no information relath’e to his patient’s postoperative course, and 
Hill’s patient was followed for only four months. All of the other 
patients retrogressed rapidly, death apparently being hastened by the 
operation. An analysis of these eases reveals that, with the exception 
of one of Harrington's patients and one of Fox's, in no instance do they 



Fig. 0 (Case 4). — Higher magiiiacation of a portion of the field shown in Fig. S 

(X225). 


satisfy the foregoing criteria given for primary lymphosarcoma. At 
the time of the fir.st examination all of these other individuals pre- 
sented more than local evidence of the disease. In some in.stances they 
gave a histoiy of a primary nodule in the breast, but since no examina- 
tion was made at that time, the history alone was not reliable. 

On the basis of the foregoing facts it would seem that Ijnnphosar- 
conia of the breast should he treated b}' surgeiy only if the disease is 
localized in the breast and confined to one breast. Impressed by the 
gratifying results from surgery of primary localized lymphosarcoma 
ill other parts of the body, notably the gastrointestinal tract, we 
believe this mode of therapy to be effective. Our patient who lived 
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Fi ■ • • ■ Miguous follicles are 


. ' • j excised breast tissue revealed the pres- 

eno • • ... mg' about 1 cm. In diameter, rather soft in con- 
sist ' ~..owecl a homogeneous yellowish surface which had the 

gros - .ymphoid tissue. The nodules were definitely not in the node~ 

beay ... neither were they In the breast proper but in the subcutaneous jat over- 

lyinij the breast tissue. 

The breast itself showed nothing of note. Several enlarged nodes were encountered 
in the axilla at all levels, varying between S mm. and 3 cm. 
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seven years and that of Harrington tend to support this view. The 
other cases in onr series are too recent to he of value i)i basing con- 
clusions. 

If there is other evidence of disease in addition to that in the breast, 
then .surgery is contraindicated and the patient is best trefited as a 
case of generalized lyinphosareoinatosis. Whether the prognosis iu 
the cases of multiple nodules in the same breast is different from that 
in which the lesion is solitary cannot he determined from this small 
group. Only one of the patients- in the present series had multiple 
foci in the breast. This patient is free from evidence of disease one- 
half year after her simple mastectomy. 


SUMII.VRY .VXD COXCLUSIOXS 

1. Primary lymphosarcoma of the breast is a rare lesion. 

2. A classification of breast l^'inphosarcoma is proposed. 

3. The Ij-mphatic system of the breast and its correlation witli lympho- 
sarcoma are described. 

4. Five cases of pnmary breast lymphosarcoma arc reported,' in which 
all the patients are alive and free from disease followiiig surgery for 
periods ranging from seven years to tliree months. 

5. We believe that in primary lymphosarcoma of the bi'east, as in pri- 
mary gastrointestinal Iwnphosarcoma, radical surgery is the procedure 
of choice. 

6. Criteria for operability arc set forth. 
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MIXED MALIGNANCY OF THE BREAST 

Case Report of a Combined Carcinoma and Sarcoma in a Child, 
AVith Review of the Literature 

H. G. Sjiithy, il.D., Charleston, S. C. 

(From the Departments of Surgery of The Medical College of the State of 
South Carolina and Eoper Hospital ) 

T he simultaneous occurrence of two different malignant processes 
at iioints of origin quite distinct and separate from each other is 
a well-established entitjL The papers of AA’^ells,' Loeb,” Major,® and 
others^'® indicate that multiple primary malignant tumors are not rare. 
Alueh less common than these anatomically unrelated tumors is the 
presence of two different tyiies of neoplastic tissue growing within the 
same organ. 

ilixed malignancy of the breast can be divided into two categories: 
(1) the simultaneous presence of two distinct varieties of malignant 
tumors growing side by side but having no structural intermingling 
of their elements, and (2) a combination growth of two different 
malignant tissues whose component parts are intimately blended with 
one another into a single tumor. 

The first tj^pe may be regarded as a coincidental occurrence of two 
independent neoplasms in the same organ. Kettle^ and Cui'phey® each 
reported one case of fibrosarcoma and invasive carcinoma of the breast, 
the malignant elements existing as separate tumors and showing no 
structural intermingling. In a case recorded by Schwarz,® the patient 
was operated upon for carcinoma of the left breast ; three years later 
she developed a sarcoma in the right breast which also showed meta- 
static carcinoma from the original tumor, apparently unrelated to the 
sarcoma. A similar instance was reported by Lester,*® in which radical 
mastectomy for cancer was folloAved in fifteen months by recurrence 
of the epithelial tumor in the scar, associated with a neurogenic sar- 
coma. The simultaneous occurrence of these two tumors was regarded 
as coincidental. 

The second type of mixed tumor of the breast can hardly be con- 
sidered as an accidental coexistence of different neoplastic lesions. 
Intimate association of both epiblastic and mesoblastic components, 
homogeneously blending into a single tumor, is probably more than 
accidental. It appears likely that these tumors either arise from a 
single cell, or one element occurs first and subsequently stimulates 
proliferation of the other. Experimentally, the appearance of malig- 
nant stroma in a previously pure carcinoma ha“ been demonstrated in 
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mice. Ehrlich and Apoknt,“ Haaland,>= and RusselP® independently 
established beyond doubt the inctaplastic property of mammary con- 
nective tissue in which adenocarcinoma is growing. In the tenth gen- 
eration transplants of breast cancer in mice, Elulich and Apolant 
obtained a malignant tumor wliieh exhibited sarcomatous properties 
as well as the original epithelial element. Russell’s animals showed a 
similar change in which previously normal connective tissue stroma 
cells were gradually transformed into malignant sarcoma cells. About 
fifty-five days were required for this process to complete itself and, 
once the sarcoma became established, further propagation of the tumor 
resulted in complete elimination of the carcinoma with persistence of 
a pure sarcoma. In an exliaustive study of the problem, Haaland 
observed the same tissue transformation in transplanted breast tumors 
of mice. The reverse of this phenomenon has been reported by Nichol- 
son.“ In 1912, he inoculated the breast of a white female rat with 
sarcomatous tissue. Growth of a pure sarcoma occurred but, after 
reaching its maximum size, the tumor was seen to shrink. The excised 
specimen showed death of the sarcoma, while in its place a small malig- 
nant epithelial neoplasm had appeared. The origin of the carcinoma 
was thought by Nicholson to be from the lining of a sinus produced 
by his inoculation, an epithelial implant having been pushed into the 
deeper tissues by the needle. These experimental observations lend 
support to the possibility that a malignant lesion of epiblastic origin 
can stimulate adjacent mesoblastic elements to proliferate, and vice 
versa. Concerning the possibility that combination growths can orig- 
inate from a single cell, widely divergent opinions prevail among path- 
ologists so that no positive expression can be made at this time. 

Classification and nomenclature of dual tumors of the breast are 
difiicult and confusing because of the uncertainty regarding their 
etiology. Generally, they have been called either carcinosarcoma or 
sarcocarcinoma, depending upon which tissue element predominates in 
the microscopic sections. Harrington and Miller'® proposed that mixed 
malignant lesions be designated according to the observer’s conception 
as: (1) mixed growths or malignant teratomas, (2) carcinoma with 
secondary sarcoma, (3) sarcoma with secondary carcinoma, (4) carci- 
noma and sarcoma. 

Tables I and II comprise a summary of the literature of thirty-two 
cases, reported by thirty authors, of breast tumors composed of more 
than one malignant element. Table I includes twenty-two cases of 
true mixed tumor wherein the neoplastic components are intimately 
blended with one another. Table II represents ten eases in which the 
individual malignant tissues are not intermingled but coexist simul- 
fiTueously as independent tumors within the same breast. This review 
includes only those eases in which the tumor elements were composed 
of sarcoma and mammary carcinoma. All patients reported were 



856 


SURGKRY 


TABLK I 


AUTHOR 

DATK 

AGE 

OF 

PA- 

TIENT 

(YR.) 

TYPE or XEOPLASM 

METASTASES 

Dorscli^o 

1896 

43 

Carcinoma and spindle-cell sar- 
coma; malignant elements 
blended 

N. G * 

Jierberiou 

and 

Danel^i 

1897 

55 

Carcinoma and mj-xosarcoma ; 
slight blending of malignant 
elements 

Carcinoma only; axil- 
lary nodes 

Schlagen- 

haufer23 

1906 

50 

Carcinoma and giant-cell and 
spindle-cell sarcoma, partial- 
ly blended 

Both malignant ele- 
ments, axillary 
nodes 

Krom- 

pecher^-t 

1908 

30 

Carcinoma and giant-cell sar- 
coma; intimate blending of 
both malignant elements 

N. G. 

Orthss 

1910 

40 

Carcinoma and sarcoma inti- 
mately blended 

N". G. 

Pfeiffer^o 

1910 

71 

Carcinoma and spindle-cell sar- 
coma; intimate blending of 
both malignant elements 

Carcinoma only; axil- 
larj' nodes 

Coenen2' 

1910 

43 

Carcinoma and spindle-cell sar- 
coma; intimate blending of 
both elements 

Carcinoma only; axil- 
lary nodes; postop- 
erative recurrence 
at 5 mo. of sarco- 
ma only in axillary 
nodes 

Secousse^s 

1912 

67 

Carcinoma and fibrosarcoma ; 
intimate blending of both 
elements 

N". G. 

Waelleso 

1913 

50 

Chondrosarcoma and carcino- 
ma; blending of malignant 
elements 

jS’. G. 

Takano3i 

1914 

49 

Carcinoma and spindle-cell sar- 
coma; intimate blending of 
both tj^pes of neoplastic tissue 

Carcinoma only; axil- 
lary nodes 

Welmer32 

1915 

41 

Spindle-cell sarcoma, scirrhus 
carcinoma, and squamous-cell 
epithelioma; intimate blend- 
ing of all elements into ‘ ‘ ti-ue 
mixed tumor” 

N. G. 

IIedren3^ 

1915 

42 

Spindle and giant-cell sarco- 
ma and carcinoma; intimate 
blending of both malignant 
elements 

None found 

Harbitzss 

1916 

"it 

Giant-cell sarcoma and carci- 
noma; intimate blending of 
both malignant elements 

N. G. 

Wilenskyso 

1919 

48 

Bound- and spindle-cell sarco- 
ma intimatelj' blended u-ith 
carcinoma 

N. G. 

Kuns- 

mullers" 

1920 

73 

Spindle-cell sarcoma and carci- 
noma; intimate blending of ' 
both malignant elements 

Sarcoma; lung.s, pleu- 
ra and ribs; no car- 
cinoma 

Jessup3s 

1923 

34 

Giant- and spindle-cell sarcoma 
intimately blended with car- 
cinoma 

Carcinoma only; axil- 
lary nodes 

Kreibig33 

1925 

52 

Case II, cylindrical and epider- 
moid carcinoma and spindle- 
cell sarcoma, intimately 
blended 

Carcinoma only; axil- 
lary- nodes 

Biebpo 

1927 

62 

Case I, round-, spindle-, and 
giant-cell sarcoma and carci- 
noma; intimate blending of 
elements 

Original, none ; post- 
operative recurrence 
in scar at 5 mo., ot 
pure sarcoma 


*X. G., Not given in original report. 
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AUTHOU 

BATE 

AGE 

OF 

PA- 

TIENT 

(YR.) 

type op NEOPIiASSI 

METASTASES 

Helwig^i 

1927 

43 

Carcinoma and giant-cell sar-. 
coma intimately blended 
throughout breast 

Both carcinoma and 
sarcoma, axillary 
nodes; postopera- 
tive recurrence in 
scar at 3 mo. of 
both elements 

Kiickens^s 

1928 

48 

Carcinoma and spindle-cell sar- 
coma; intimate blending of 
both malignant elements 

N. G. 

Pasternack 

and 

Wirtlps 

1930 

60 

"Adenoma acanthoma sarcoma- 
todes," epidermoid carcino- 
ma intimately blended with 
sarcomatous stroma; inde- 
pendent adenocarcinoma sur- 
rounded by normal stroma; 
no blending until other ma- 
lignant elements 

None found 

Harrington 

and 

klilleris 

1940 

50 

Spindle- and giant-cell sarco- 
ma and carcinoma; intimate 
blending of both malignant 
elements 

None found 


women, no recorded instance being found of mixed carcinoma and 
sarcoma in the male breast. Not iheluded in the collected cases are 
mixed breast tumors of sarcomatous and epidermoid carcinomatous 
composition. For detailed information about this variety of neoplasm 
the papers of Bouchut and Martin,’® Lecene,” DeBoucaud and Pierre- 
Nadal,’® and CorniP® may be consulted. 

CASE REPORT 

Case 1 (Eoper Hospital Case No. 111954). — A 10-year-old Negro girl entered 
the hospital Aug. 8, 1940, complaining of an enlargement of the left breast. Her 
mother stated that the patient developed a swelling within the affected breast 
"about the size of an egg” when she was 2 years old, the mass spontaneously 
disappearing within six months. The child experienced no further difficulty until 
five months prior to admission, at which time the same breast began to enlarge 
diffusely. Increase in size continued until, at the time of hospitalization, the 
breast resembled that of a fully developed young adult woman. There was no 
pain or tenderness of the affected breast and no historj'- suggesting an inflamma- 
tory process. On a previous occasion, three months before admission, there oc- 
curred a white discharge from the nipple which persisted for only a day. No 
other nipple discharge of any sort was noted. The right breast remained unde- 
veloped and was at no time a source of complaint. The child never had men- 
struated. The remaining history of her systems was normal. The mother thought 
that some weight loss had occurred but was uncertain of the amount. The family 
history revealed no known evidence of cancer and no other pertinent data. The 
past history included measles and chicken pox but revealed no organic ailments. 
Growth and development since birth had been normal. 

Physical examination on admission showed a normally developed, fairly well- 
nourished girl. Temperature was 99° F.; blood pressure, 114/GS; pulse, ioo per 
minute. The left breast was diffusely enlarged, measuring 11 by 9 cm., while 
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■tUTHOR 

DATE 

AGE 

or 

PA- 

TIEXT 

(nx.) 

TYPE or ^*^.opJ.AS^^ 

iIETA.STASE.S 

Gould 22 

1001 

.50 

Largely .spindle-eell sarcoma; 
separate, independent growth 
of scirrhus carcinoma 

K. G.* 

Kettle^ 

1012 

4C 

Separate neoplasms of carcino- 
ma and fibrosarcoma blended 
only at point of contact of 
the two tumors 

Original not given; 
postoperative recur- 
rence at 3 yr. with 
generalized metas- 
tases of carcinoma 
onlv 

Perrier2'’ 

1912 

CO 

Spindle and giant-cell sarcoma 
and carcinoma: no intimate 
blending of elements 

X. G. 

Gchuarz'* 

3 9 in 

50 

Metastatic carcinoma (from 
opposite Iweast) associated 
with independent sarcoma: 
no blending 

Carcinom.'i only; axil- 
lary node,--' 

Kennedy 

and 

Case’^ 

191.j 

40 

Carcinoma and spindle-cell .sar- 
coma existing as separate in- 
dependent tumor.s; no blend- 
ing of elements 

Carcinoma only; axil- 
lary nodes 

Kreibig^i'' 

1925 

50 

Case 1, carcinoma and osteo.=ar- 
coma growing independently; 
no blending of malignant ele- 
ments 

Carcinoma only; axil- 
lary nodes 

BiebDe 

1027 

ou 

Case 2, poljTnorpliie giant-cell 
sarcoma and medullary car- 
cinoma existing as adjacent 
but separate independent 
neoplasms: no intermingling 

Xoiio found 

Lesterxi 

l.O.HI 

jO 

Postoperative recurrence in scni 
at 15 mo. of carcinoma asso- 
ciated with neurogenic sarco- 
ma ; independent, unrelated 
tumors with no blending of 
malignant elements 

X. G. 

Curpheys 

1935 

33 

Carcinoma and spindle-cell sar- 
coma existing as adjacent, in- 
dependent growth; no blend- 
ing of malignant elements 

Carcinoma in liver; no 
Barcomu 

Mondor, 193(i 

Gauthier- 
Villars, and 
Gottesmann-*'* 

49 

Carcinoma and spindle-cell sar- 
coma in contact with each 
other but existing as sepa- 
rate unblended tumors 

Xone found 


•X.G., Not given in original reisort. 


the right breast anJ nipple were normal. On palpation, the enlarged breast was 
found to be firm, somewhat elastic, and lobulated. The excess mammary tissue 
was not attached to the ehe.st wall or to the overlying skin. Mobility of the 
entire breast was free in all directions, and there was no retraction of the nipple 
or its areola. There were numerous small discrete, firm, movable lyniph nodes in 
the left axilla. One in particular was considerably larger than the others. Dis- 
cretely enlarged lymph Tiode.s were also noted in the opposite axilla, in the neck, 
and in both inguinal regions. Aside from marked hypertrophy of tlie tonsils, no 
other abnormalities were noted. 

Routine laboratory studies of the urine and blood were normal. The blood 
Wassermann and Kline tests were negative. X-ray studies of the chest, vertebral 
column, and long bones showed no abnormalities and there was no radiographic 
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evidence of pituiliiry" tumor. The inclul)olic viitc wiis minus Ki per cent. 

A ITiodmuu modificntiou of the Aschheim-Zondek reaction was negative. 

It was felt that enlargement of the iilTectcd breast was due to simple hyper- 
plasia, possibly of endocrine origin, nlthougli no specific di.sordcrs of the endocrine 
system could be found. Accordingly, a sim])le mastectomy was done through 
transverse elliptiwvl incisions, and the entire bicast removed, along with tlie larg- 
est of the axillary lymphoid masses, which was readily accessible near the lateral 
end of the operative wound. Tlic entiie mammary mass appeared to be encapsu- 
lated and was quite easily stripped fiom the underlying pectoral fascia. An axil- 
lary dissection was not done. Postoi)erativc convalescence was uneventful. 

Pathologic Description. — Microscopic sections of the breast revealed a highly 
malignant connective tissue neoplasm of spindle-cell type. The cellular elements 
were arranged in swirling bauds (Figs. 1 and 2) and varied in appearance from 
slender, elongated structures to broad, anaplastic, ribbonlike musses of cytoplasm 



Figr. 1. — Bairds of spindle celts arranged about atypical glandular elements (x200). 

(Fig. 3). The large ovoid and spindle-shaped nuclei showed a pronounced hyper 
chromatic character. Tumor giant cells and atypical mitotic figures were numer- 
ous arrd emphasized the high grade of malignancy (Figs. 3 and 4). Scattered 
throughout the tumor were many branching glandular elements of at^'pical ap- 
pearance, Hyperplasia of the lining epitlreliuni was well defined and papillary 
ingrowth was a prominent feature (Figs. 1 and 2). In spite of this proliferative 
activity, there was no specific evidence in the many sections taken from the 
breast tissue itself that the epithelial portion of the tumor was malignant, al- 
though a few mitotic figures were seen among the reduplicated epithelial cells. 
Sections of the removed axillary node, howcv er, showed invasion of the lymphoid 
tissue in its subcapsular zone by the same glandular elements noted in the pri- 
mary tumor, but none of the sarcomatous element was found.* Their anatomic 
arrangement was typical of early metastatic adenocarcinoma, the parent glandu- 
lar structure being maintained intact. The histologic diagnosis was spindle-cell 
sarcoma and adenocarcinoma with early metastases of the carcinomatous element 
to the axillary lymph nodes. 

•SecUons of the lymph node are not available for photomicrographs. 
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Postoperative Course. — Sliortlj' nfler oiteration, deep x-rny tlierai>y was begun. 
The patient received a total of 0,000 E (ineasiircd in air), administered to six 
fields over a period of six weeks. Ten months after operation, she was readmitted 
to the hospital for study. Her progress had been highl)- satisfactory and she had 


V/: 








Fig. 3. — Large nuclei, tumor giant oolls, and broad anaplastic chromatin masses of 
the mesoblastic component (X500). 


led a normal, uneventful existence. Radiologic studies of the lungs, thoracic cage, 
vertebral column, and long bones showed no evidence of metastatic malignancy. 
The operative scar was soft and pliable and freely movable over the chest wall. 
Developmental changes of puberty were noted and appeared quite normal, but the 
patient had not menstruated to this time. Her weight was 91 pounds. In August, 
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19i2, two 3-C!irs after operation, further roentgenologic studies of the chest and 
vertebral column were found to be entirelj' noiinal. In Alarch, 19-13, thirtj'-one 
months postoperative, the patient was seen again. Menstruation had begun the 
previous month (at the age of 121-& j-ears). As on previous occasions, the histoi.v 
and phj’sical examination revealed no nbnoimalitics and her condition appeared 
to bo excellent; weight was 99 pounds. In Xovember, 1913, throe years and three 
months postoperative, correspondence from the child’s mother stated that the 
patient was “getting alorrg firrc” arrd reported her weight as 103 pounds. A 
similar report was received in June, 194-t, three years and ten months postopera- 
tive, stating that the child weighed 110 pounds and that her health was excellent. 



Fig. 4, — Large atypical mitotic figure ot the sarcomatous element (X750). 

DISCUSSION 

Consideration of the foregoing case focuses attention on the follow- 
ing points of interest; (1) the nature of the tumor, (2) the age of the 
patient, and (3) the method of treatment. 

Regarding classification of the tumor, it is desirable to avoid such 
terms as carcinosareomatodes, carcinosarcoma, and sarcocarcinoma which 
have been employed to indicate the relative time of appearance of the 
different malignant components of a dual tumor, as well as a pre- 
ponderance of one element over the other. Actually, the neoplasm 
described consists of two Avell-defined individual malignant tissues. 
Inasmuch as the pathogenesis of such a grondh is unknown, little is 
to be gained by speculation as to the relative time factors in the 
development of each component. Therefore, for the purpose of clarity, 
it is suggested that the neoplasm be called a mixed sarcoma and adeno- 
carcinoma. The word “mixed” is an important qualifying descriptive 
factor designed to differentiate the tumor from a situation where sar- 
comatous and carcinomatous growths exist as separate, independent 
neoplasms in the same breast. 
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Coneeriiing the patient’s age, the development of a dual mammary 
neoplasm at 10 years is extraordinary. Only four authentic eases of 
carcinoma of the breast have been reported as occurring before pu- 
berty. The ages were 11 years (Thompson'*®), 11 years (Eiiof®), 12 
years (Levings'*'), and 10 years (Sears and Schlesinger'*®). It is be- 
lieved that this report constitutes the only recorded instance of a 
combined sarcoma and carcinoma of the breast of a child. 

The method of treatment employed in this ease is o])cn to question. 
While removal of the breast was considered neeessary, it was the im- 
pression of several examiners who saw the patient before operation 
that the lesion was benign, most probably mammary hyperplasia of 
an extreme degree. Accordingly, a simple mastectomy was done with- 
out frozen section study. The latter procedure is of established value 
and it should be employed m all questionable neoplasms of the breast 
coming to operation. However, the histologic nature of the tumor was 
such that frozen section would have demonstrated no more than the 
sarcomatous element, In general, mammary sarcomas rarely invade 
axillary lymph nodes so that axillary dissection is generally eonsidered_ 
illogical in the operative treatment of this lesioji, removal of the breast 
and pectoral muscles being the procedure of choice. This being true, 
the actual surgical management of the case conformed to the general 
principles of treatment of sarcoma of the breast, with tlie exception 
of removing the pectoral muscles. 

Discovery of the carcinomatous factor was made only after sections 
of the axillaiy lymphoid tissue were examined. The involved lymph 
node was excised only because of its proximity to the incision, no 
attempt being made to dissect the axillary contents. Such being the 
case, the question arose as to the advisability of a second operation 
for removal of the pectoral muscles and the Ijnnphoid stmctiires of 
the axilla and supraclavicular space, after discovering the metastatic 
carcinoma. Probably such a radical procedure should have been car- 
ried out, but factors beyond control prevented it. In .spite of the 
patient’s relatively long survival, criticism of the conservative treat- 
ment employed is justifiable. 

Regarding the uneventful postoperative course, now of three years 
and ten months’ duration, one can only speculate upon the explana- 
tion. Several possibilities present themselves. It is quite likely that 
the entire sarcoma was removed, inasmuch as it appeared to be se- 
curely encapsulated. It is conceivable that the carcinoma, which was 
judged to be early by microscopic study, had metastasized to only a 
single axillary node, which happened by ])ure chance to be the one ‘ 
removed. It is probable that postoperative deep x-ray therapy played 
a responsible part in maintaining the patient’s health by holding in 
abeyance any i-emaining malignant elements, and that Ihe conserva- 
tive method of treatment employed makes a permanent cure unlikely. 
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SUJIMAKY 

1. A bl’ief discussion of mixed carcinoma and sarcoma of the breast 
is presented from ijoth clinical and experimental viewpoints. 

2. A review of reported cases is prepared in tabulated form. 

3. An \niusual case of mixed sarcoma and adenocarcinoma in a 10- 
year-old Negro girl is reported in detail, believed to be the first of its 
hind recorded in a child. 

4. Discussion of the ease from three .standpoints is included ; (1) the 
nature of the tumor, (2) the patient’s age. and (3) the method of 
treatment regarding prognosis. 

Due iippreciation if* hereby expressed to Dr. IT. I?. Pratt-Thomns, of the Depart- 
lucnt of Pathology, for his invaluable help in the preparation of this report. 
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BOECK’S SABCOID 

Rkport op a Case Invoevixg the Stomach 

Major Ira Gore, a^^d Lieuteeaet Coeokee Aevuoesvjs J,I. ilcCAwcuY, 
]\Iedicai. Corps, Arjiy of the United States 

P RIOR to 1936, despite a not mcoiisiderable discussion in the foreign 
literature, Boeck's sarcoid M'as a relative! j' unknown subject to 
American medicine. Since that time several reviews"’ ® have brought 
the condition to the attention of the internist. The surgeoii’s only con- 
tact with it ^Yas to provide the biopsy by which the diagnosis is estab- 
lished. Although the disease is not a common one, over a four-year 
period twent 5 '-three new eases were recognized in a clinic which had 
become acutely aware of its manifestations." Previously, this condition 
has not been regarded as surgically important. For this reason it is 
deemed appropriate to present a brief review and to report a ease demon- 
strating that important surgical complications may develop. 

Boeck’s sarcoid has come to be regarded as a relatively benign disease 
of obscure etiologj" having a predilection for lymphoid tissue^ but 
capable of involving any tissue in the body.” Despite this potentiality 
a large proportion of the cases reported are characterized by skin lesions, 
regional or generalized Ijunph node enlai'gement, a stringy or miliary 
infiltration of the lungs, and cystic changes in the long bones of the 
hands and feet. In each of these structures the pathologic unit identif}'- 
ing the process is the “hard tubercle” formed of a nodular aggregation 
of plump polygonal, acidophilic ejjithelioid cells identical ■with those 
found in tuberculosis. Differentiating ijt from the latter are the almost 
total absence of caseation, the scarcity of surrounding inflammatory 
reaction, the absence of demonstrable organisms, and the relative scar- 
city of Langhans ’ giant cells. Regarding the latter, the occasional pres- 
ence of deeply basophilic laminated inclusions in the giant cells is re- 
garded as almost pathogonomonic.^* ” Guinea pig inoculations of such 
tissue produce no characteristic reaction. In 60 to 70 per cent of eases 
there is a negative or very weak tuberculin skin reaction. In the skin, 
these sarcoid lesions produce sharply defined nodular or papular lesions 
of variable size, fi’equently of reddish color involving the skin of the 
face, extremities, or both. It is of historical mterest that this condition 
was fii'st described as a dermatologic entity.^ Although Hutchinson in 
1875, Besnier in 1889, and Tenneson in 1892 described undoubted in- 
stances of the disease, it was not established as a clear-cut entity until 
Boeck, in 1899, described the pathologic alterations in the skin. Al- 
thougli Boeck" noted enlargement of the cubital, femoral, and axillary 
nodes i n his original case and subsequently described involvement of the 
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defoiiiiity of the pyloiic antnini tlirou/jh which only veiy s-hallow peiHistnltic wnve‘> 
ttaveled; fliis ligklity stiggcsfed an intraiminil in/iUiafioii of Home hin<I, piohaWy 
neoplastic in natnie (Fig. 1). Theie was no evidence of ulceration or of foui-hoiir 
gastric retention. Stools were negatiie foi occult blood. Jantiai-j' 3o, 2.1, and 2.1, 
three suecessiro positi\P AVasseiinann and Iviilin .seiologie leaetions w’cic rcpoited 
and syphilis of the stomach was coiisideiod even lliongh the i.adiologie findings were 
not suggestive of this disease. (Quanfitatiie iCalin tests showed an increasing titer 
from less than 10 units on .Taniiaij’ l.r, to 10 units on .Tanuary 21, and 40 units 
on February 8.) Jan. 27, ItM.'l, antisyphilitic liealinont wa.s iiislitnfcd a.s a thcru' 
peutic te.st. Three doses of neoar.spirettarnitto, one of bismuth, and one of niaphar- 
sen were gi\Gn prior to Feb. 10, l.Of.'!. Ort this ditto the radiologic iiirjrearancc of 


a /ooxH 



Fig. 1. — Preoporativo x-ray picture illustrating tlic defotmity of tlio .stomacli anti uni. 

the stomach showed per.sr.stent, "possibly iiiciea.sud " .steiiosns of the pyloric antrum 
of the stonaach. Gastrre analy.ses showed an absence of free Iiydroclilotic acid 
after hist.'rmine, tot.al acidity only reaching a maximum of 20 irnrls, Otlrer labora- 
toTj' findings were essentially negative. The lungs were clear to .stay. Becuuso 
of failure to respond to antisyphilrtrc therapy, the rmprossioit at this time was 
that the patient had u gastrre neoplji.sm, and he was tnin.sfcrred to tlie surgical 
servico for exploratory laparotomj. Tire latter was performed, Feb. 23, 1913, Up 
to this date the patient had rcccl^ed a total ot four doses of ncoai.sphcnnmine, 
three of mapharsen, and three of bismuth 

Operative Findings . — Laparotomy revealed a diffuse doughy tliickening of the 
pyloric stomach. Both the anteiioi and posterior walls were inrohed as well ns 
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the greater ewrviituro. The lymph iio'lch along the omental attachment were mark- 
edly enlarged ; the other viscera appeared normal. Biopsies of the thickened stom- 
ach wall and of an enlarged lym]ih node rvcrc taken for fiozen section. These 
icvcaled the inflammatory natmc of the lesion, a provisional diagnosis of gastric 
tuberculosis or saicoid disease being made; a gastric resection was performed with 
Balfour-Polya type of anterior loop anastomosis. Postoperative convalescence was 
uncomplicated. Tuberculin tests with puiifled protein deiivatrve uere negatire 



Fig. 2. — ^The mucosal aspect of the surgically excised portion of the stomach. The 
specimen has been opened along the lesser curvature; the greater curvature lies trans- 
versely straddled by a shallow crescentic ulcer. The proximal portion lie.s to the 
right, while the pyloric extremity lies to the left. 

to the second stieiigth. X-iay pictures showed no bony changes in the meta- 
car pals or metatarsals and an inguinal lyirtph node presented only inflammatory' 
hyperplasia. April 2S, IP 13, x-ray studies revealed an adequately functioning gastro- 
jojunal anastomosis. Frequent feedings tvere necessary because of the snrall gastric 
capacity; he slowly gained weight. Intensive antisyphilitic treatment wa.s coir- 
tinued and subsequent to Hay 27, 3P4.3, the serology on four occasions was nega- 
tive. June 3, gastric analysis .showed an absence of free IICl. 
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PdtIiohiiiK lit I’oit '25-i i j, A M. M Ai t. JKU'ib.) 

(»)os\ T!h' sjii'cinion <on‘-i‘5teil of ii lii'jc ‘.efitnonl of flio .iiiiriim nioasur 

mg tm -iloiig the h i lunatuie an) IJ < m along tlie giealer turt.iUirc On 
the antenoi '-uiiki' iliom s em ]>io\!maI to the jaloin e\tieni!t\ llieie w.i^- a •) 
cm. recentl\ '■utuieil lint ii ini I'-ion toiered nifh n mii ill omental l.tg: thi-- appar 
entl_i. t^a^ the 'Oif ot the InopM 'Ihe H*io'-il ‘•uitaie \v ••hint .ind ti.in'lucont 
llowetei, tonard the nttnthment ol the omentum nuaihei- of tun ■-lightlt eletated 
ti,i!i>-Iuce;!t nodule' neie cudent. f’alpatum leietled e\ten‘-ne (hithening and 
induration of a lather huge area on the gre itei uirt.itiiic it about the midjioition 
of the ‘-pietjmen The %jiet.imen was opened along the !e"er lunatnre (Fig. 2). 



Fifr 3 — PliotoniicioRiaph thiouch the «tom ich wall illustiating- the mirKed thicK- 
eningr tlic “ili ilton mucosal ulceiation prominent cndaiteiitic chanpro' and small P »*e 
nodules just below the mucos i to the left of the ulcer (ylO t, s; .Vinie Medical 
Museum ) 

On the mucosal surfaee stiaddhng the gieatir cun.ituie s ^m pioMiiial to the 
peloiK end, there was a. ciescentie, modciateh deep ukeration If ineabuied 5 eiii 
m length and tailed in wnlth fiom 1 to 2 cm The biopst desi nhed e\ternalh 
e\udentl\ included the anteiioi pole of the ulcei. smi e in the opeiatne spetimeii 
this part was niaikedh nairowed bt the lepining snfuji Pioximd to the uleei 
the mucosal folds tveie thickened and foimeil a sin ph miigmitei oteih iiigiiig 
wall Tlieie was a slight tendenet foi puekeiing ot tlu tolds in the diieetion of 
the uhei The distal margin of the ultei was lompii itneh pooih dehiied .Section 
of the stomach wall 'honed inaiked scarimg and tine kc mug of the submucosd 
la\ei imdeilting the i leer ~ite and extending tow ud the jitloiiis \t pl.iccs ilong 
this line the gastiii wall measiiied 2 i n in thuknc" The nmsiukms was lut.u t 
and h' pel plastic (1 g )| 

Ati onipanimg ti.e specimen w is a model itch (ulai.,id Uiiiph node lemoced 
from the omentum The node measured 1 be 2 be 1 j i m md its c.ipsiile was 
thin and intact ''ei turn leet iled a eellowish pink homogeneous suitaee 

2/t<iO'topii (Figs , and -1 1 — Sections taken fiom the peloiic poition of the 
stoniiih showed in letciisie, rounl uid pi ism ii til iiihltiatmn ot the niucosa 
The gkaiidukii epithilimu slowed eaiiibh lestn diangis Then uas modeiate 
itrnpjie tow iid the pe loi us clicii sm i)l p - ' ^ . 
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The ulueiution noted grossly barely i>enehiiteil tlic nmscularis nuieosae. A small 
quantity of purulent exudate was noted on its surface. Tlic ulcer bed consisted 
of a rather thin layer of chronically inflamed granulation tissue. The underlying 
submucosa was markedly edematous and moderately scarred. The submucosal 
vessels showed lather marked endarteritic changes. Heavy mantles of round and 
plasma cells accompanied the vessels. In the mucosa and superficial submucosa 
adjacent to the ulcer thcie were nodular nggrcgates of epithelioid colls. These 
were unassociated with caseation or necrosis, and giant cells were rare. The inus- 
eularis was thickened by scar tissue and round-cell infiltration. The serosal .surface 
contained a number of small lymphoid nodules in the centers of wliich epithelioid 
cells and an occasional Lnnglians' type giant cell were found; concentric laininiited 
basophilic giant cell inclusions were demonstrable. 



Fig. 4. — Gastric mucosa demonstrating nodular aggregates of epitlielioid celts 
lying, in this instance, just above the nmscularis mucosae. Note also the diffuse lym- 
phocytic infiltrate and the glandular changes which signify chronic gastritis. (XIOO. 
U. S. Army Medical Museum.) 

Sections taken from the lymph node exhibited similar nodular clusters of epi- 
thelioid cells. Again there was no necrosis, and giant cells were rare. There was a 
rather marked tendency toward hyaline scarring. The suirounding nodal paren- 
chjuna was hyperplastic and contained large numbers of plasma cells. Tbe sinus 
endothelium wiis hyperplastic. Acid-fast bacilli were not demonstr-able histologically 
or in digests and concentrates of portions of the specimen. 

Diagnosis. — (1) Boeck’s sarcoid of the stomach and lymph node and (2) sub- 
acute ulceration of tlic pyloric stoin-acli. 

AVe are aware of only one other case of gastric sarcoid (unpublished), presented 
by Br. Pre.d Stewart to a surgical pathology conference of the New York State 
Laboratory Association in November, 1942. 

DISCUSSION 

As l)as been intimated, the preoperative diagnose.s coihsidered were 
peptic ulcer, gastric syiihilis, and gastric jieoplasm. Ulceration tvas 
understandably not demonstrated by x-ray .since tlie ulcer was shallow 
and its iiosition on the greater curvature did tiot lend itself to casv 
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demonstration. Furthermore, the presence of achlorliydria, the position 
of the lesion, and the lack of melena appeared to corroborate the nega- 
tive roentgenologic findings. Peptic ulceration was therefore considered 
unlikely. 

Gastric sj-philis was considered a likely possibility because of a rising 
serologic titer, the relative youth of the patient, and the position of the 
lesion in the distal portion of the stoinach.^^' However, gastric syph- 
ilis is considered to be a manifestation of the tertiary phase of the dis- 
ease, and in this case, although a history of a primary lesion is absent 
' the change in serologic reaction from negative to positive, the con- 
sistent rise in serologic titer associated tlierewith, and the relatively 
prompt return to seronegativity under ai-senotliei'apy all would indicate 
this to be certainly not late syphilis. Nonetheless, it was considered ad- 
visable to institute a therapeutic test of antisyphilitic treatment. There 
was no response to a short intensive course and after four weeks lapa- 
rotomy was performed, the presumptive diagnosis being gastric neo- 
plasm. 

At opei’ation, frozen sections ruled out a neoplastic process but resec- 
tion was considered advisable since the lesion appeared to be progressing 
clinically. As the microphotograi)hs (Figs. 3 and 4) demonstrate, the 
distinctive lesions of sarcoid are present in addition to secondary ulcera- 
tion and rather extensive nonsireeific productive inflammatory response. 
The prominence of the endarteritic changes and of the perivascular 
cellular infiltrate is suggestive of a syphilitic lesion but these processes 
are also commonly present in nonspecific ulceration. Bndophlebitis, 
whose diagnostic value in syphilis has been demonstrated by ^Villiams 
and Kimraelstiel',^® could not be shomi. Supported by the clinical fea- 
tures and course already described, the microscopic picture was con- 
sidered not to represent syphilis. 

From the first, one of the striking diagnostic features of Boeck’s sar- 
coid was the comparative lack of surrounding inflammation. However, 
the mere mechanical presence of the sarcoid nodules in a mucosal 
surface subiect to repeated physiologic trauma is felt sufficient to in- 
voke an inflammatory response as in this case. Presumably, ulceration 
occurred secondarily, an impression substantiated by HebbelV® work 
on chronic gastritis and ulceration. 

It is not possible to draw any conclusions as to ti-eatment from one 
ease of “surgical” sarcoid disease. Eacli ease must be individualized. 
Although there is a strong tendency toward spontaneoirs resolution in 
the primary disease, it is the secondary complication making the case 
“surgical” that must be gauged in treating the patient. 
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(Fiom thf Drpartmrnf of Suriiiri/, YoU Ihiivi rsUp School of Medicine) 

T he prest'iil shortage of speciali.st.s in many connminities nc(*e.ssitato.s 
that the seneval .sur{!:ean a<?ain become a {reneral .surf>:eon in fact as 
well as in name. This applies to the field of neurosurjiei'y, wliere a high 
percentage of those certified in this specially are now serving with the 
Armed Forces. 5Vithin the Services, certain neurosurgical procedures 
must likewise be carried out by genei’al surgeon.s, due to the noce.ssary 
disti'ibution of neurosurgeons over a vast geographical area. In both 
civilian and service practice the problems of trauma to the neiwous sys- 
tem frequently require the attention of the general surgeon. Of these 
problems, eomi)ound craniocerebral injury is the .subject which most 
often requires urgent, definitive, I’atioinli treatment. The pre.sent I'oport 
is based upon the methods of treatment and the results obtained in pa- 
tients with compound craniocerebral injuries admitied to the X’ew Haven 
Hospital over a period of fourteen years. 

Pi’ior to 5Vorld War I there was no unanimity of oj)inion concerning 
the treatment of compound craniocerebral wounds. During the early 
years of that war, operations for these wounds acquired bad repute from 
the high incidence of infection and death. Even seal]) wounds were .sub- 
ject to frequent infection. Cushing’s critical analysis of this situation 
was cry.stallized in his statement that the poor results were “largely due 
to delay — delay in transit, which may be avoidable; unnece.s.sary delay 
after admission, which often is avoidable.” In addition to his emphasis 
upon early treatment, Cushing' made nr oul standing contribution by 
devising and applying methods of treatment in which “the same prin- 
ciples of debridement utilized so succe.s.sfuliy for wounds elsewhere have 
in their essentials been adapted to wounds ir olving the brain.” His 
results with debridement en bloc were preserd „d in one of the finest sur- 
gical contributions that ever emerged from <^he .smoke of battle.' 

After World Wa.' I the.se principles were applied to the treatment of 
civilian injuries. In 1923 Harvey- leported on a nroup of 154 patients 
with skull fracture treated in the New Haven Hospital between 1919 and 
1923. In this series the dura was penetrated in 14 patients (9 per cent) ; 
of these, 4 died, a mortality of 28 per cent. Of the 9 operated upon, 1 

Presented in part at the meeting: of the Society of Pniversitv Surgeons, Nn.slivillo, 
Venn., Feb. 10-12, 1044. 
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Tarlk I 

llKAI) IX.HJUIKS ACCOUWXO W SrA'KKITY 
(CusniNG, .1918) 


MOUTAI.ITV 


(%) 

Sc!ilp, intact cranium and dura -1.5 

Local fracture, dura intact 9.2 

Depressed fracture, dura punctured 11.8 

Fracture, bone fraRinonts in binin , 24.0 

Bone and pio.ioctilo in brain •’!().() 

Penetrating ventricles, bone 42.8 

Penetrating vcntricle.s, projectile 100.0 

Craniocerebral, air sinuse.s 73.0 

Craniocerebral, traver.sing 80.0 

Craniocerebral, with mas.sivo fracture 50.0 


died on tiie Itdjle with a travei'-sing wound tind exleinsive intracranial 
lieniorrhagc. There were no deaths from infection. Harvey stated, 
"Prom experience gained during the lotc war it is known that wounds 
thoroughly delirided and sutured in the first six liours heal per primam 
in something over 90 per cent, while the delay of twelve liours adds not 
more than 10 per cent to the number that tvill break down. It takes, 
then, in most instances, from six to twelve hours for the infective agent 
to establish itself in tlie tissues in such a manner that it cannot he eradi- 
cated by thorough debridement.” 

Later, for reasons which arc difficult to evaluate, there appeared in 
some localities a tendency to delay operative treatment. Munro,-'' in 1938, 
advocated a delay of twenty-four hours in all instances but advised 
against operation after forty-eight hours. In Dlunro’s series of 136 
operable injuries the mortality was 30.8 per cent, and the morbidit.^', 
chiefly due to infection, was stated to liave been about 24: per cent, al- 
though all but 5.5 per cent were thought to he attributable to technical 
errors. In 1943 Munro^ reported on study of 218 patients with com- 
pound fracture of the skull; 159 (73 per cent) were considered operable. 
The incidence of compound fractures of the skull in the entire group of 
patients with head injirries treated by Munro was 11.3 per cent. The 
operative mortality was 15.7 per cent. Tlie incidence of infection in tiio 
patients operated on was 24.5 per cent. Munro considered as septic all 
wounds that did not heal by fir.st intention ; in case drains were inserted, 
tlie union of the wound, excln.sivc of the drainage tract, was used as the 
measure of the type of healing. In this series he eliminated the period 
of delay except in those cases in which the patient’s condition was not 
satisfactory. DInnro further advised that the operation ha done before 
forty-eight hours after the receipt of the injury or else postponed for 
from six to eight month.s. 

At the beginning of ^Yorld War II ilie Brilislr’ recognized the advisa- 
bility of providing for early treatment of compound eraniocereljral in- 
juno.s 1>y specially ecpiipped and trained teams. Mo])i]e neurosurgical 
wilts were iHUhed. hut in Prance they were captured before their worth 
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had been tested. A similar atlempl \va.s made in 1))e'I\liddle Ka.sl, but 
owing to the difficulty of segregating easualtie.s in the forward areas, 
only 10 per cent of those reaching the neuro.snrgieal unit had head in- 
juries. It was tlierefore decided to base the unit behind the general 
hospital. This meant a delay in i)i'imary oi)eration of appro.ximalely 
forty-eight hours. Woi'king under these conditions, Ascroft® reported 
a series of 516 wounds (Table II) due to missiles: 292 wej-e a.ssociatcd 
with penetration of the dura. The wounds received preliminary cleans- 
ing, sulfonamide powder wa.s used and sulfadiazine was given b.v mouth 
or intravenously after operation. The mortality rate was excellent : 1.5 
per cent in those with intact dura; 15 per cent with dural penetration. 
But a disquieting feature was that about 3 of 4 (75 out of 292) patients 
noth penetrating wounds develojied brain ab.secss. There were 17 deaths 
due to brain abscess. About 40 })er cent of all deaths in A.serofl’s series 
were due to absee.s.s, and absee.ss played a })arf, offcji decisive, in render- 
ing unfit for military .service 40 per cent of all men incapacitated by 
penetrating wounds of the brain. 

With the break-through at K! xVlaniein, the lines of communication 
became so long that Eden,' who was then in charge, moved forward. His 
series of 293 patients (Table II) included 102 with compound cranial 
injuries with penetration of the dura aiid most of them were operated 
upon within twenty-four hours of injury, although in a few the wounds 
were more than three days old. i\Io.st of the ?>atie)it.s reaching Eden had 
had no treatment other than a dj'c.ssing of sulfanilamide powder to the 
wovind and sulfanilamide orally or sulfadiazine intravenously. The in- 
cidence of intracranial infection in 102 patients with dural penetration 
was as follows: meningitis, 5; cerebral abscess, 3. As a result of getting 
patients with such wounds for early treatment the lowered incidence of 
infection is well reflected in the fall of sei-ious complications as compared 
with Aseroft’s results. The postoperative mortality in the 102 patients 
with dural penetration was 23.6 per cent (Eden). Primary healing of 
the wounds Avas obtained in over 90 per cent of the patients operated 
upon Avithin the first forty-eight houra. Table II giA-es a compilation of 
Ascroft ’s and Eden ’s results. 


Table II 


CoMPABATIVE HORTALITA' FiGUKES IX THE A.SCKOFT -AND EdEX SERIES 



XUMBEK OP 
PATIEXTS 


MORTALITY 



ALL C-trSES (%) 

FP.OAt IXFECTIOX 
(%) 


ASCROFT j 

EDEX 

ASCROFT 

EDEK 

ASCROFT 

EDEX 

Scalp wound 

85 1 

13.0 

b 

0 

0 

0 

Fracture skull 
(dura intact) 

139 1 

69 

1.5 

1.4 

0 

1 

0 

Fracture skull 

(dura penetrated) 

292 j 

102 j 

15.0 j 

23.6 

■ 8.0 

i 

5.0 

i 

Total 

516 

msim 

9.0 

S.6 

4.S 

1.6 
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Aiiotliev striking example of the advantage of early operation is the 
report of Cloward*’ on a gronp of cranial in.invies arising from the Pearl 
Harbor attack (he was not permiUed to report the number of persons 
treated). Nearly all of the wonnds were componnd depressed fractures 
of the skull produced by fragments of sln-ainiel. Ilis policy was to 
opei’ate as soon as possible, but because of the large number of patients 
treated, it was necessary in many instances to delay as long as from 
twenty-four to thirty-six hours. No infection was encountered in any 
of the patients in whom a ]>reliminary cleansing of the wound was car- 
ried out and sulfonamide powder used locally. It is unfortunate that 
Cloward’s excellent results were attributed, by many, entirely to the 
effectiveness of sulfonamide therapy and the factor of early, skillful 
operation under favorable circumstances was overlooked. 

The present series consists of 64 patients with compound craniocere- 
bral injuries treated at the New Haven Hospital from 1928 to 1942. 
Basilar fractures through the air sinuses without exposure of the dura 
or brain were not inehidcd. Pour patients died within one and one-balf 
hours after admission to the hospital before preparations for operation 
were completed. The remaining 60 patients were operated upon. The 
operators included five members of the senior staff and the nenrosurgi- 
cal residents. The geiieral policy in treatment was as follows: (1) im- 
mediate treatment of shock if present; (2) inspection and not palpation 
of the wound; (3) x-i'ay for extent of fraetnie, especially for depression 
and sinus involvement; (4) operation wdthin six horn-s in all patients 
surviving the preparatory period (usuallj' two hours). Local novocain 
was the anesthetic of choice. The essentials in the surgical procedure 
were (1) thorongh debridement of the scalp, cranial Avonnd, and de- 
vitalized brain tissue; (2) removal of indriven bone fragments and 
foreign bodies; (3) closure of the dura (silk) if possible; (4) closure 
of the scalp in two layers (silk) ; (5) drainage of the frontal sinuses 
and of most wounds for cviltux’e. The hone removal was usually en bloc 
for the comminuted and depressed fractures, unless the frontal or sagit- 
tal sinuses were involved, in which case, fragments Avere removed. In 
the case of linear fractures, the fissures were cleaned, hut no bone Avas 
remoA^ed. 

The distribution of patients according to age is shoAvn in Table III. 
About 60 per cent of the patients Avere in the first three decades, hut a 
significant number (14 per cent) were over 60 years of age. It is note- 
Avorthy that all of these patients in the seventh and eighth decades died ; 


Table III 

Distribotiox as to Age (Ci Cases) 


DECADE 


1 

2 

3 

4 5 

6 

7 

s 

Xuiuber ot casos 


n 

1C 


3 


2 

Dcatlis 

3 

1 

1 

2 0 

1 

7 

2 
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53 pci' cent of the lotiil mortalily (9 of the 17 deafiis) oeeiuTcd in this 
group. 

The sex incidence follo^ved rouglily a ratio of 4 to 1 in favor of the 
males. The injury wa.s due to a missile in 9 patients. The remaining 55 
■were injured as follows: -Automobile accident. 42; accidental fall, 5: 
struck by blunt object, S. 

Associated injuries were ]>re.sent in 33 jiatieiits, l)eing minor in 11 and 
major in 22. Fractures of the facial bonc.s, ribs, and long bones ac- 
counted for 19 of the major injuries; laceration of the liver was noted in 
1. The minor injuries consisted of contusions and lacerations. 

Period of rncoimdoufiness . — There were 15 patients who gave no his- 
tory of loss of con.sciousne.ss, although it is iiossible that in .some of the.sc 
at least a ti'an.sient break in the stream of consciousness may have 
escaped recognition. Twenty-three patients were semiconscious or un- 
conscious for le.ss than one hour, 18 from one to ten hour.s, and 8 for more 
than twenty-four hours. Thirteen patients died witliout regaining con- 
seiousne.ss. Coma is generally recognized as .a grave jirognostic sign. 
Table lA' .shows the jiostojierative mortality cla.ssified in terms of the 
desree of consciousne.ss on arrival at the hospital. 


T.vbi.e IV 

Mor.TAUTV Kel.\tki> to St.vte or Cox.sciorsxE.S'.s 



COMA 

.SEMICOKSCIOU.S 

AI.ERT 

Xumber dving 

16 

0 


ICunilwr surviving 

9 

7 

31 


*.«ep text. 


The single fatality in the alert group** was a patient 65 yeais of age 
who died of a cerebral hemorrhage on the third da.v following the injury 
(bullet). One patient in coma on arrival died of a complicating infec- 
tion. It is notable that more than one-third of the patients arriving in 
deep coma .survived. It does not seem warranted therefore to leave these 
patients for some hours the better to asse.ss their chances while at the 
.same time increasing the possibilities of infection by delay. However, 
where large numbers of battle casualties lequire urgent treatment, the 
state of consciousne.ss is an important factor ii- selecting the more favor- 
able cases for early operation (Eden"). 

Shoil ;. — The records were adequate for the determination of the pre.s- 
ejice of .shock in 59 of the 64 patient.s. On the basis of a systolic blood 
pre.ssure ))elow 100 on admi.ssion or at the beginning of the operation, 
.shock was present in 15. Seven of the.se patients died; of these, 2 died 
before pi-e])arations f<jr <jpei'ation had been completed. An analysis of 
the remaining 5 deaths .shows the time and cause as follows: (1) Foixr 
and one-half hours, exten.sive brain damage and compound fractures of 


•.See Table IV. 
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l)Oth lopts (ojH'i'alion (•(msislod only of ciosiiro of senl)) woiukI); (2) six 
hours, gross laeeratkm of brain with brain lissuc oxtriuling; (H) twenty- 
four hours, extensive subdural homatoina found at ])osi-niortem ; (4) 
seven days, bilateral bronchopneumonia; (o) five weeks, intracranial in- 
fection. Four of the.so patient.s were over 60 years of age, Modw’ale 
shock was present at the beginning of the o]ieration in only 4 of the 60 
patieirts. Shock should rarely delay an operation for more than six 
hours. With present methods for llie treatment of shock it should lie 
possible to correct this condition within six hours except in those ndth 
the most .severe inti'aeranial in.iurios and in those with cmilinnons con- 
cealed hemorrhage in the abdomen or thorax. 

Operationx . — Four patients died within one and onc-half hours after 
the in.iury, before preparations for operation were comi)leled. The re- 
maining 60 patient.s Avere taken to the operating room as .soon as the 
extent of the injury Avas determined and a]>proi)riate mea.sures for tlie 
treatment of .shock and associated injui’ics Avere completed; the opera- 
bility rate Avas 93.8 per cent. Operation Avas begun Avithin six liours 
after the injury in all but 2 patient.s, 

TAm.r V 

Tr.ME Inteevai, Betweex Ixjuuy Axn Operatiox 

Numtiei of liours Lo.ss tlian 4 4 to (i 7 0 

Number of cases 4S 10 11 


Tppes of Operafions. — Bloc removal of the compound scalp .and 
ci'anial Avound Avas done in 19 of the 52 patients in Avhom projeclilc.s 
Avere not involved. This group included most of the more severely m- 
jui’ed. The operative mortality Avas 26 per cent. Excision of tlie mi]p 
AA'ound and fragment removal of the cranial Avound Avas done in 20 p.v- 
tients, including those Avith orbitonasal injuries and many witii Ir-s,; 
seA'ere injuries to the ciauial vault. The operative mortality wa.s 10 
ceut. Debridement of the scalp Avound Avithout bone removal Avas <hr<- 
in 13 patients. The Avouuds Avere chiefly linear fractures Avith littlr- or 
no depre.ssion. The operatiA-e mortality Avas T.7 per cent. Th,. 
operative mortality for the entire series of ,52 patients Avith iionprmV-tHo 
injuries Avas 15.4 pei cent. The series of projectile injuries {'J 1 

small to asse.ss the results in relation to the types of operative 
employed. ' * ^ 


Primary closure of the scalp Avound Avas done in all in.slanr-e, f j .. - 
Avere inserted in the Avounds of 29 of the 60 patients opr-;-a,v.!j ,, 
drains were usually remoA'cd Avithiu tAventy-four or foi-t-.-I'C; / 

The duia was closed AvhenoA’er pos,sihle; the reasons for i 
upon were as folloAvs; pinpoint openings, dural 

(liira. “ ' 'hjv-dded 


Po.slopcrrtfiiT /ji/cc/mJi.— Records of patient.s Avho 7 ; 

days following operation Avere not included in ll,f. 

‘ analy^-' 
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(Table VI), since Ibe lime interval was not sufficient to exclude tlie pos- 
sibility of infection had tlic patient survived. In the rcnuiining 51 
patients, serious infection was present in 2, and of tliese, 1 died, a mor- 
tality of 2 per cent. Infections confined to tlie drainage tracts were 
included as wound infections. 


'J'.MJOE VI 

Po.sToi'Ei:.\ri^’E I.vratTiOX (SI Patiksts Lmsn Ora; Hix Oav.s) 


Cerebritis 

1 

(27c) 


Meningiti.*: 

1 

{27f) 


I..ocal osteo. 




Scalp 

7 

(lt%) 


Total 

to 

(20%) 



•L.ocaI ostco. niui meiiinKitls In one patient, with nii.'sofrontal injur.v. 


Only 2 scalp infections occurred in ]>aticnts in whom drainage had not 
been used, A complete bloc debridement was done in only 1 of the 
patients developing infections. The debridement in these jiaticnts was 
limited in most instances because the frontal sinus was elo.se to or in- 
volved in the fracture. 

Mxmro" reported a bacteriologie study of 70 patients with compound 
fractures of the skull. It appears that the degree of eulturable contami- 
nation of the wound varies from 55 to 60 per cent during the first forty- 
eight hours and rises sharply tliereal'ter. Tinrty-one wounds were 
swabbed within twenty-four hours or less of the i'eceii)t of the injury. 
Seventeen (55 per cent) of this grouj) showed ])athogcnic bacteria 
{Staphylococcus aureus in all but two). Forty-four wounds were forty- 
eight hours old or less when cultured. Twenty-six grew pathogenic bac- 
teria (pure Staph, aureus in 21 of these). Tlie rather high incidence of 
contaminated wounds within the first twenty-four hours with pathogenic 
organisms undei’seores the necessity for early and thorough debridement. 
IMany of the staphylococcal wound infections are endogenous and not 
exogenous in origin, yet care must be taken not to introduce contami- 
naiion into the wound by unnecessary finger palpation. Brain wounds 
in battle casualties are seldom sterile. 'Dm Russians found only 2 of 
300 such wounds to be sterile. 

Mortality. — It has been said by many i.rlter^ That mortality figures 
have little real significance since no two studies are based upon identiea! 
clinical material. Eden' stated, “The morla-ity ligure has really little 
meaning, for the mortality in these cases deper. Is to a great extent on 
how near you are to the front and what you op^ rate on. “ In the present 
series, no patient was denied operation because he was eon idered to be 
a “poor risk.” The operability rate of 93.8 per cent included all 
patients who survived for over me and one-halt hours following injuiy. 
The total mortality in the entire series of 64 patients was 26.5 per cent, 
only a trifle higher than Munro’s^ estimate of 24 per cent for the aver- 
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age' morlality of about 120,000 cases of all tyjics of liead injuries, most 
of which ■were of the closed type. Tlic opcraiivc morialiiy in all com- 
pound eranioeerebx’al injuries in the present scries xvas 21.6 per cent. 

Of the 9 patients in this series Avith injuries due to missile-s, 6 died 
(1 before opei-ation), a mortality of 66,7 per cent ; operative mortality, 
62.5 per cent. All 4 of the patients with traversing Avounds died folloAv- 
ing operation. The single fatality re.sulting from nontraA-ersing missile.? 
(mortality 25 per cent) Avas due to severe kidney damage and uremia 
from prophylactic sulfapyridinc therapy. 

Thei’c Avere 52 jxatients ojicrated upon for injuries not produced by 
projectiles, AAuth a moriaUiy of 15.4 per cent. One-half of the post- 
operative deaths occurred in patients oA'cr 60 j-ears of age. 


Tablks 'Vll 

Operative Mortai.ity TJei.ated to Severity oe Ikjury 
(52 Gases of Compound Fracture — Exceusive op Injuries Due to Missii.es) 



■ca.ses 

deaths 

I. Fracture, dura intact 

29 

2 

(7%) 

II. Fracture, dura open 

C 

1 

(17%) 

III. Fracture, dura open plus laceration 
or contu.sion of brain 

9 

2 

(22%) 

IV. Ill plus indriven bone fragment.^ 

8 

3 

(37%) 

Total 

52 

S 

(15.4%) 


Caxtsc of Death . — Autopsies Avere obtained in 5 of the 17 patients aa'Iio 
died. All 5 of these patients had been operated upon. Four patients 
died before operation. The projectile injuries account for 35.3 per cent 
of the total deaths. 


Table VIII 

Cause op Death — Projectile Injuries 
(9 Cases, C Deaths) 


Extensive brain damage 

Massive subdural hemorrhage 

Renal hemorrhage, uremia, propliylaetic 
sulfapyridine 

Cerebral hemorrhage, hypertension 

3- 

1 

1 

1 

Total 

6 

Deaths in missile group (3 over age of 60). 

*No opeiation in one. 


Table IX 

Cau.se op Death — Nonpkojectile Injuries 
(55 Cases, 11 De.aths) 

Extensive brain damage 

7 * 

Contralateral subdural hematoma 

1 

Infeeti5n (cerebritis) 

1 

Bronchopneumonia 

2 


Total 


Poath-! in croup with nonprojectile injuries (6 over age 60). 
*N'o openition in three. 
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Summarij and Conclusions. — Amiinulalccl expei-ieiice during "World 
AVar I indicated that early operation and thorough debridement were of 
priinaiy importance in the trealinenl of eoin])ound eranioeeiobral in- 
juries. Cushing was largely lesponsible for laying down these principles 
of ti'catment as an es.sential ba.si.s for controlling infection, which was so 
largely responsible for the high mortality eneounteiod in the early yogi's 
of "World "War 1. Later, for reasons difficult to evaluate, there apjieared 
in .some localities a tendency to delay operative treatment. At the be- 
ginning of "World AYar II the British ]iolicy included earl.v treatment of 
compound craniocerebral injuric.s, and a comparative stud.v of two 
series (A.scroft. Edenl indicates a higher incidence of serious infection 
where operation was unavoidably delayed. 

The present report con.sists of GI com]H)und eranioeercbral injuries 
treated at the New Haven Ilosiiital from H)2S to 1.0-12, 0 of which were 
due to mi.ssiles. Si.xfy jiatienfs were ojiei-ated niioii; 4 jialients died 
within one and one-half hours after admission to the hosintal. Wo pa- 
tient was denied operation because he was considered to be a "poor 
risk."' It is notable that more than one-third of the patients arriving in 
deep coma survived. It does not seem warianted therefore to leave these 
patients for some hours the belter to a.s.se.s.s their chances while at the 
same time increasing the possibility of infection by dela.v. Operation 
was begun within si.\ hours in ail but 2 patients. Moderate .shock was 
present at the beginning of the operation in only 4. "With present 
methods for the treatment of .shock, it should be ])ossible to correct this 
condition within six hours except in the most severe intracranial injuries 
and ill those patients with continuous bleeding in the abdomen or thorax. 

The general policy in treatment was iif; follows; (3) ininicdiafe treat- 
ment of .shock if present: (2) in.speclion and nof iialjialion of the wound; 
(•3) x-ray for extent of fracture, especially for depression and sinus in- 
volvement; (4) operation within six liours in ull patients sui’viving flic 
preparatory period (usually two hours). Thorough debridement of the 
scalp, cranial wound, and devitalized brain ti.ssiie was .stressed. The 
bone removal was usually en bloc for the eomminuted and dejiressed frac- 
tures. uiile.ss the frontal or sagittal sinuses were involved, in which in- 
stance fragments were removed. Complete excision of the scalp and 
hraiu wounds and removal of foreign bodies fi-om the biain were con- 
sidered e.ssential in averting infection. Serious infection occnrr(‘d in 
only 2 patients in this .series, 1 of whom died ; the mortality from in- 
fection was 2 per cent. 

The iotul niortuliti/ for the entire .series of 64 oase,s was 26.0 ])er cent, 
only a trifle higher than llunro's estimate of 24 per cent for the avera.ge 
mortality of about 120.fl00 cases of all tyi)es of heail injuries, most of 
which Were of the closed tyjw. TJie projectile injuries (9 cases) ac- 
counted for 3;i.3 j)cr cent of the total deaths. Tlie operative mortalitji 
of all comi)ouud craniocerebral injuries in this s(*ries Avas 21.6 pei' cent. 
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There wci'c 52 patients operated upon i'or in,iurie.s not produced by pro- 
jectiles, -with ail operative mortalUy of 15.4 per cent. One-half of the 
postojierativc deaths occurred in patients over 60 years of age. 
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liMPROVED RETRACTOR FOR liElNriLA^kllNECTOMY'* 


Lieutexaxt C. Huxter Sheldex, axd Lieutexaxt Robert II. Pudexz 

t 

jMedicae Corp.s, U. S. N. R. 

A dequate exi)osui‘e in the limited operative field is essential for 
t .succe.ssful removal of ijrotriided intervertebral discs. The average 
laminectomy retractor was designed to retract both saei’ospinalis mus- 
cle groups, thus allowing complete removal of the spinous processes 
and laminae. Hemilaminectomy requires the separation of only one 
muscle group from the spinous process. This more con.servative pro- 
cedure introduces a new problem of exposure because the mesial mar- 
gin of the operative field includes the bony spinous process. Fixation 
of one blade of the usual retractor to the hone is not only difficult but, 
if successful, occupies valuable space in the already limited field of 
exposure. If the mesial blade is inserted ijito the fascia and muscle 
of the opposite sacrospinalis mu-scle group, the situation is somewhat 
improved hut still not ideal because the blade in the wound must be 
placed at a deeper level. Thus, with .strong retraction it is difficult 



Fiff. 1. — Pliotogrraph of retractor showing^ shape of the blades. 


to prevent the deeper of the two blades from slipping. This allows the 
muscle fibers adjacent to the lamina to slide from beneath the re- 
tractor. If the blade against the muscle is deep enough to catch all 
the muscle fibers, there is frequently a rotation of the entire retractor 
because of the extreme difference in dejjth of the two blades. 

In an attempt to obviate these mechanical difficulties a retractor was 
designed with blades of unequal length (Fig. 1). The shorter blade 
has three long teeth which are inserted through the lumbar fascia 

•The opinions or assertions contained herein are the private ones of the writer and 
are not to be construed as official or as reflecting- the view.s of the Navy Department 
or the Naval Service at large. 

Received for publication. May 20, 1914. 


884 



shemh;k and TUDENZ: retractok for iiemieajiinectomy 


adjacent to the spinous processes. I'Jie longer blade, wliicli is used 
for the muscle retraction, is two inehe.s wide, slightly curved, and has 
small laterally bent serrations on the free end which fix the blade at 
the desired depth. The ease with which these blades may be pro- 
duced in any machine shop makes it possible to have several lengths 
available. 

These blades are attached to the arms of a Lilienthal rib .spreader 
which possesses a screw adjustment that allows forceful retraction. 
The Lilienthal retractor was selected because it posse.sses removable 



Pig. 2. — Exposure for hemilaminectomy, clemonstrating mctl)otl of muscle leti action. 

blades, a distinct advantage when converted into a laminectomy re- 
tractor for it allows one to use a blade which corresponds in length 
to the size of the saerospinalis muscle group. The exchange of blades 
is a simple matter and requires but a few .seconds. 

Hemilaminectomy is simplified and exposure improved particularly 
in those individuals with strong muscles and poor relaxation (Fig. 2). 
Although originally designed for lumbar hemilaminectomj’^, it lias proved 
to be equally adapted for use in the cervical region. 



A LIMITED COilPARlSON OP CONTINUOUS SPINAL AND 
GENERAL ETHER ANHISTTIESIA 


William Graxt Cooper, II, 3I.D., Wilma ZuiiWALT, R.N., a.vo 
Everett D. Sugarbaker, M.D., Columbia, SIo. 

(From fhe Surpical Drporimrni of the Ellis Fisrlirl Flair Canerr IfospilnlJ 

T he relative advantages of spinal and inhalation ether anesthesia 
have been the subject of much discussion. The primary rveahness 
of spinal anesthesia as heretofore administered, and the one on ivhich 
many of the objections to its use have depended, has been Ihe uneer- 
tainty of and the inability to lengthen its duration. This .shortcoming 
may now be completely eliminated by the use of the continuous prin- 
ciple, so that it seems Avorth 'while to attempt a revaluation of the 
.subject. An exceptional opportunity to do this -was pi-esented when 
a particular series of anesthetics were given at this hospital. From 
January, 1940, to February, 1942, one of us (W. Z.) gave all the geneva! 
ether anesthesias, and from February, 1942, to Septemlier, 1943, gave 
continuous spinal ane.sthesia to all patients requiring operation below 
the diaphragm. 

The patients’ age groups, their general eonditioji, the pnwary diag- 
nosis, and procedures carried out under each type of anesthesia were 
essentially similar. The operations were done by or under the super- 
vision of only two surgeons. 

The general anesthetics were administei-ed by the closed system. Ni- 
trous oxide was used for induction and the anesthesia maintained with 
inhalation ether and oxygen. This method has traditionally been .satis- 
factory. The continuous spinal anesthetics were given by the method 
of Lemmon with certain modifications, which will be discussed later. 
No attempt was made to select cases for .spi/ial anesthesia. That is to 
say, no patient was denied .spinal anesthesia because .something about 
his condition raised theoretical objections to its use. 

This hospital treats indigent patients suffering from cancer. The 
average age on admis.sion is about 60 years, and anemia, hypopro- 
teinemia, and the diseases a.ssociated with advanced age are commonly 
seen in association with the tnmor for which treatment is sought. Poor 
general condition is particularly frequent in those subjected to abdom- 
inal operation, as most of these are patients with gastrointestinal 
cancer. Careful attempt is made preoperatively to restore these pa- 
tients physiologically as nearly as possible to normal. Still they pre- 
sent a severe test of the effieieney and safety of whatever anestheiic 
method is used. 


Received for publication, April G, 1914. 
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The iiialonal seleclcd j’ov slucly consists of two secies of 100 anes- 
tlietics oaeli. The first »roui) coniin-iscs the iast consecutive 100 gen- 
eral anestlieties given for operations below the diaphragm, fi'he second 
group consists of the first and the last consecutive 50 continuous spinal 
anesthetics given by the same anesthetist. As continuous spinal anes- 
thesia is used only for operations below the diaphragm, the two groups 
are nicely eomparable. The first and last 50 ea.scs in which the pa- 
tients were given continuous spinal anesthesia were considered in 
order to compare results obtained earlier u-ith tho.se obtained after we 
had acquired some experience with this method. 

The comparative tabulation is presented in Table I. 


Table I 

INPICATING THE SIMILARITY OF THE TWO GROUPS 



CONTINUOUS 

SPINAL 

anesthesia 

general 

anesthesia 

Average age (yr.) 

60 

55 

Per cent witli cancer 

72 

(19 

Kadical intestinal resections 

20 

21 

Other extensive majors 

7 

8 

Inoperable exploratory lapaioloinies 

22 

38 

Remaining number of cases 

51 

53 

Cases requUing over two bouis 

.50 

37 

Cases requiring tinder two hours 

50 

63 

Average crystalloids given in operating room 

900 c.c. 

400 c.c. 

Average amount of blood given in operating room 

300 c.c. 

300 c.c. 


In Table I it may be noted that the average age of the patients in 
each group is approximately the same. The percentage of the patients - 
suffering from cancer is given, as this is an extremely important factor 
in the preoperative condition. Of the patients in the group having 
radical intestinal resections or other extensive major procedures the 
number of patients receiving each anesthetic is approximately the 
same. The “exploratory” cases include those patients in whom an 
exploratory abdominal operation revealed an inoperable condition, and 
ceeostomy, gastrostomy, or only biopsy was done. Although these 
latter are not extensive procedures, they carry the gravest immediate 
prognosis because of the uniformly poor condition of such patients. 
The slightly greater length of time required for operations done under 
continuous spinal anesthesia is probably due to the fact that the sur- 
geon felt less hurried by the condition of the patient. It is noted that 
more fluid was given intra%mnously in the operating room to the pa- 
tients receiving continuous spinal anesthesia than to those reeeiviim 
ether anesthesia. The explanation of this is that the administration is 
begun at the start of the operation in continuous spinal anesthesia and 
the blood given in these patients was preserved with an equal amount 
of dextrose-huffer-eitrate .solution. Previou.sly. it had been <dven as 
eiti'ated ndiole blood. 
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Tabi.k II 


CoMPAnisoK OP Opp.uative Axi) PosTOPEitATiVE CouiiSK (200 Cases) 



eON'TJNUOU.S 

•SriXAE 

AXESTIIESIA 

GKKKICAIi 

AXKSTIIKSIA 

Satisfactory anesthetic and postanesthetic 

. course 

77 

4A 

Satisfactorv anesthesia with unrelated deaths 

(late) 

o 

<) 

Satisfactorv anesthesia witli postanesthetic 

disorientation 


1 

Satisfactor}' anesthesia with hypotension in 

operating room or postoperatively 

10 

:« 

Operative shock 

o 

10 

Fatal shock 

») 

o 

Postoperative atelectasis 

T 

1 

Fatal bronchopneumonia (within three days 

postoperath'ely) 

o 

2 

Fatal emlioli 

0 

;i 

Severe postoperative headache 

1 

0 


In Table II, evaluating the anesthetic and the postanesthetic course, 
a patient’s condition was considered satisfactory if the vital signs re- 
mained unchanged throughout the time on the operating table and for 
tAvelve hours postoperatively and if no teehnical or anesthetic com- 
plications occurred. 

Two patients receiving continuous spinal anesthesia and three pa- 
tients receiving ether died after a gradual downhill course. All these 
deaths were in patients suffering from a1)dominal carcinomatosis dem- 
onstrated at operation, and their deaths are in no way referable to the 
anesthetic as such. Three patients became disoriented postoperatively. 
but all three Avere in subclinieal uremia. This was felt to be the cause 
of their disorientation rather than the anesthetic. All three recovered. 

Hypotension rvas defined for our purposes as a blood pressure fall 
in the operating room or Avithin the first tAvelve hours postoperatively 
to a systolic level beloAv 90 mm. mercury pressure, or a fall of more 
than one-third the systolic pressure in patients Avhose preoperative 
reading Avas oA^er 150 systolic. This hypotension Avas not accompanied 
by Ionise Amriation of great degree, nor in any instance did it last over 
ten mimrtes. It responded promptly to the administration of intra- 
venous ephedrine or saline solution in the patients giA’en continuous 
spinal anesthesia and to the administration of appropriate stimulants 
in those given general anesthetics. Patients avIio did not respond to 
these therapeutic measures but I'equifed transfusions Avere not con- 
sidered to be suffering from hypotension but from shock and the re- 
sults are listed separately. 

In comparing the first 50 and the second 50 cases in Avhieh the pa- 
tients Avere giA'en continuous spinal anesthesia, it is found that eight 
of the ten episodes of hypotension occurred in the first 50 patients, 
and Ave feel that the case records in the latter group shoAV a smoother 
and more nearly perfect anesthetic course and postoperative recovery. 
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In those previously considered groups we have the totals of 92 satis- 
factory continuous spinal and 81 satisfactory general anesthetics, which 
leads to the remainder of the patients in the series in whom complica- 
tions were encountered. 

Shock occurred in twelve patients. In those receiving continuous 
spinal anesthesia there were only two instances. Both occurred dur- 
ing howel resection. In tho.se given ether five oeeui-red in bowel re- 
section and five in massive major cases. 'I'he difference in favor of 
the continuous spinal anesthesia is probably due, in considerable part, 
to the security felt with this anesthetic in suspending all manipulation 
as soon as any blood pressure drop was reported until the vital signs 
had returned to noimal. Review of the case records also gives the impies- 
sion that in the patients given ether there was occasional hesitancy or 



Pig 1 —Continuous spinal anesthesia setup Onl\ special features aie malleabie 
spinal needle (A), fine bore lubber tubing- (S), and thick mattress with space cut out 
to accommodate needle (C) Insert shows simple means of eliminating annoMng stop- 
cock by replacing ivith short lengtii (Ifi inch) of gum tubing and clamp 

delay in giving blood, although the total amount given was usually 
the same The patients were not given transtusions at the first sus- 
picion of shock, some time occasionally elapsing before blood was 
started. A readily available source of this fluid, such as is provided 
by a blood bank, now obtiates this difficulty. The routine preopera- 
tive cross-gronping of the patients with blood available in a bank and 
the placing of a cannula in a vein at the beginning of every operation 
allows greater ease and speed in the giving of a transfusion. In all 
fairness ve feel that this prophylactic administration of blood is a 
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factor also partly responsible for the decreased luiniber of eases oi 
shock in the patients "iven contimioiis s])inal anesthesia. 

Four patients died in eircvdatoiy collapse, either durin^^ or .shortly 
after the operative piocedure. Two were in each sroup. Tliree of 
the.se patients had large bowel resections and one had a heinipelvec- 
tomy. In all instances the operative trauma and the poor preoperative 



Figr 2 — IntJa\enous appaiatus which ife set up befoie continuous spiudl 

sj 1 iv begun in an\ major operation lA) in circuit for a<lmhiistia.tion 

of ephednne and pentothal fB) rubber bulb to pioMclc foi more rapid administra- 
tion of blood or an occa^sion ma^ d*man«l 
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condilion of the palioiil was .sufficieiil to i'x])laii) tlio fatality witluiut 
implication of the anesthetic vised. 

The pnlnionary complications were evjual in each group and the inci- 
dence is not unduly high in either. The two jvatients developing clin- 
ical atelectasis had uneventful roeovcrie.s. The ])atienls dying early of 
hronchopneumonia were all in the exploratoiy laparotomy group and 
were extremely poor operative risks. It is intere.sting that fatal emboli 
(proved at post-mortem examination) occurred in three patients gh'en 
ether, whereas, none have so far been cjicountered in any of the pa- 
tients given continuous .spinal anc.sthetics (300) to date. 

As to the complications peculiar to those given continuous .spinal 
anesthesia, the patient who developed headache suffered severely from 
it for two weeks postoperatively with complete recovery. Tie also had 
headaches from a single dose of .spinal anesthesia and would now be 
considered an unsuitable candidate for this method. In another pa- 
tient (case not tabulated) the anesthetic solution leaked around the 
needle but good relaxation and loss of sensation was obtained. No 
difficulty followed except that an exce.ssive amount of pi’oeaine had 
to be used. 

The method by which continuous spinal anesthesia has been admin- 
istered in these 100 patients and in the other 200 patients to whom we 
have given it is as follows : 

In the operating room the apparatus and technique suggested by 
Lemmon, with certain modifications to be discus.sed later, was used. 
Five per cent procaine was the anesthetic solution which we employed. 
Three and five-tenths per cent solution was tried previously and found 
inadequate as it did not produce a dependable level of anesthefsia. 
Adjunctive sedation (not anesthesia) was secured with the intravenous 
administration of a 2.5 per cent solution of pentothal sodium. The 
anoxia present in old patients in poor condition under .spinal anes- 
thesia was combated by the administration of supplementary oxygen, 
5 liters per minute. IntraAmnous administration of saline solution, 
blood transfusion, or plasma was used routinely to replace lost fluid. 
The apparatus for continuous spinal anesthesia consists of a malle- 
able No. 19 needle with a stylet. To thi.s, a length of firm narrow 
lumen tubing is connected by an adaptor. The other end of the tubing 
is attached to a 10 c.c. syringe. A short (approximately 2 cm) piece 
of ordinary rubber tubing interposed between the syringe and the nar- 
row tubing is used instead of a stopcock. A hemostat clamped across 
this controls flow of the anesthetic solution. When this large-gua^e 
rubber tubing is worn out. it can be easily and cheaply replaced, and 
it never sticks or gets out of order as is often the case with the smaller 
metal valves. The introducer for the malleable needle is seldom used 
because leakage of spinal fluid seemed to occur around the needle tract 
when it had been used for skin puncture on thin or small patients; 
and if the director is incorrectly placed at the fiixt attempt, readjust- 
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ment is trauiiuitic .'ind occasionally difficult. An ordinary stab blade 
to puncture the skin usually suffice-s and the nialleable needle is then 
inserted without further aid. 

The patient is ifiaced in a lateral reciunbent position on a mattress,* 
which has a space under the lumbar I'cgion where the needle may late 
fit. The malleable needle is placed in the spinal canal in the thiia 
lumbar space for low abdominal p)-oeedures and in the second lumba 
space for higher ones. The unsparing use of local 1 per cent procain^ 
almost completely removes the discomforts of the puncture. Ten cubii 
centimeters of spinal fluid are removed and mixed witli 500 mg. pro 
caine. If more ane.sthetie solution is needed for. longer pi'ocedures 
normal saline solution is used as a diluent. Either solution works well 
The syringe is connected to the tubing and tlien to the spinal needle 
which has previously been placed in the spinal canal, after the air ha: 
been evacuated from the sy.stem. When, by testing, absolute free fiov 
is assured, the patient is returned to the supine position -with the necl 
acutely flexed. Xo anesthetic solution is given. 

Uirder local anesthesia, a caumila is placed in a vein, preferably on 
in tbe ankle, and administration of i))travenons saline solution begun 
A catheter iDlaeed in the urinaiy bladder (this may be best done afte 
anesthesia has been produced) and attached to a drainage bottle f 
used in all low abdominal procedures and in those upper abdomina 
procedures which may be long. The stomach tube, which is routinely 
inserted on the ward in patients in whom gastrointe.stinal surgery ii 
planned, is opened and its free end allowed to drain into an emesis 
basin. A small intrauasal catheter or mask is prepared for oxygei 
administration. The intranasal catheter is used when suction on tin 
stomach tube may be necessary; otherwise, the mask is preferred. Tin 
vital signs are checked and the presence of free flow in the anestheti< 
solution system is confirmed. This is important liecansc moving tin 
patient may have affected the position of the needle, and adequat( 
anesthesia is occasionally not obtained in the absence of absolute fre< 
flow. Ephedrine, 0.024 Gm., is injected into the intravenous tubing jus1 
before the procaine is to he administered. This routine and time of ad 
mi 2 ii.stration have, iii our hands, proved to be the inost satisfactory. 

Now, 3 c.c. of the 5 per cent solution of procaine (150 mg.) are in- 
jected into tbe spinal canal. The patient is placed m lO-degree Tren- 
delenberg position with the neck still acutely flexed and the desired 
level of anesthesia secured. At least 3 c.c. of j^rocaine should be given 
if anesthesia to the nipple line is desired. The level of anesthesia rises 
slowly after tbe injection. Its pi-ogrcss is tested by following the 
gradual loss of response to pinpricks. IVlien the desired extent ol 
anesthesia is secured, usually within five minutes, the patient is re- 
turned to the level position. It is our clinical impression that this rise 

•Such as that manufactured by George P. Pilling & Son Co., Philadelphia, Pa. 
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o£ anesthesia may be slowei' in patients with abdominal distention. 
Once the zone has been established, it will remain stationary, even if 
the patient is put in extreme Trendelenberg i^osition and more procaine 
injected. Lesser amounts of anesthetic solution than 3 c.c, for the 
initial dose do not seem to secure adequate anesthesia to the nipple 
line, and supplementary doses merely maintain, but do not raise, the 
level. This height of anesthesia is adequate for all abdominal proce- 
dures. Operations on the lower abdomen and the extremitie.s do not, 
of course, require it. Even with anesthesia as high as the nipple line, 
the patients will become apprehensive or complain of discomfort when 
a hand is placed between the liver and the diaphragm. This discom- 
fort is transitory and largely eliminated by the use of peutothal sodium 
intravenously. The peutothal sodium is introduced in a 2.5 pei- cent 
solution in normal saline into the intravenous tubing as needed for 
hypnosis during long operation. Judiciously used it relieves com- 
pletely the discomfort attendant upon upper abdominal exploration 
and the ennui of a long interval of time which the patient mu.st .spend 
restrained and in one position. Yet reliance is not placed on the pento- 
thal for anesthesia ; its only use is as a control of sedation. Inter- 
mittent injection of t c.c. of procaine every twent.v or thirty minutes 
(with some variations, dependent upon the procedure, age, size, and 
condition of the patient) will maintain the anesthesia. Five liters of 
oxygen per minute are administered through a mask or intranasal tube, 
because these patients have a diminished capacity for oxygen utiliza- 
tion due to emph 3 'sematous changes of age and the pai-alysis of the 
abdominal muscles of respiration. As soon as the anesthetic has 
reached the desired level, appx’opriate skin preparation and drape is 
performed and the operation may proceed. 

The availability of peutothal sodium for intravenous administration 
relieves any concomitant discomfort which may go with the length of 
the procedure. The administration of oxygen intranasally prevents 
anoxia which might otherwise occur. In long operative procedures 
the patients have secreted from 300 to 700 c.c. of urine, which is carried 
ot¥ by the imnary catheter. The .stomach tube is helpful in.deeom- 
pi’essing the stomach when air .sAvallowing has occurred. As part of 
the routine preoperative preparation, each patient is cross-grouped 
and blood is available in the hospital bank. With an intravenous can- 
nula in place in an ankle vein and saline solution slowly running, a 
transfusion may be started if desired within two or three minutes of 
the time such a decision is made. All these details are extremely im- 
portant, and each is necessaiw in contributing to the .sum total of 
operating room control which can be available. 

Ephedrine. 0.024 Gm.. is given intravenously as needed to combat 
the fall in blood pressure due to the procaine, but only that due to the 
procaine. After the initial dose additional do.ses of like amount will 
probably he needed with each sulxsequent administration of 50 mg. of 
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novocain. Should eitlier the anesthetist or the surgeon .suspect tlint 
the present or next contemplated surgical maneuver will initiate shock, 
a blood transi’usion mu.st be .started at once. Giving bbmd in anticipa- 
tion of shock saves moi-e lives than all therapeutic measui-es possible 
after collapse has become manifest. The differentiation of hypotension 
due to .surgical .shock and that due to procaine may be difficult at 
times but is usually evident from the facts at hand. If the blood pres- 
sure does not respond at once to 0.024 Om. of ephedrine intravenously, 
the fall must be attributed to surgical shock and be so treated. 

Postoperatively the employment of cai’bon dioxide inhalation, rou- 
tine transfusions, low Fowler’s position as indicated, and watchful 
care must be assured the patient as in general anesthesia. The details 
of this need not be elaborated here. 

DI.SCU.S.SIOX 

The introduction of the continuous principle into .spinal anesthesia 
has made it po.s.sible to continue operations under spinal block for pre- 
viously unheard of lengths of time. In a sense this has meant rede- 
velopment of much of the technique of spinal ane.sthesia. Some of the 
factors requiring more attention as the result of the increased length 
of anesthesia were adequate oxygenation and aeration of the patient, 
control of blood pressure drops, and eliminatioii of discomfoi-t for these 
long periods. All of the eases presented here in which the patients 
received continuous spiual auesthesia wei-e observed during Ihis period 
of development wliich, to a more limited degree, is still continuing. 

Resultant improvement in the management of the patients given 
spinal anesthesia is reflected in a limited comparisoji between the flj'st 
and last 50 cases presented. All of the general anesthetics given were 
based on long experience with this method, so that it seems likely that 
the superiority of continuous spinal anesthesia is apt to become still 
more apparent than is indicated by this presentation as our acquaint- 
ance with it grows. We believe that the excellence of continnons .spinal 
anesthesia is due primarily to three factors : 

First, relaxation is sustained and complete, necessitating consider- 
ably less operative trauma. This is attested to by the fact that no 
fatal emboli occurred in the patients given spina] anesthe.sia as com- 
pared to three in those given ether anesthesia. ^Moreover, during un- 
foreseen accidents, such as hemorrhage or gross .spillage, maintenance 
of exposure and protective packs can be depended on. 

Second, the surgeon is never hurried. Extemsive and lengthy pro- 
cedures are, unfortunately, most often necessai-y in patients whose 
general condition is least able to withstand them. On such occasions 
it is extremely gratifying to the surgeon to he able to take time for 
careful thought and meticulous work without regard to the duration 
of anesthesia. If surgical trauma become.s excessive and the blood 
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pressure dro])s, it lins ])eeoinc our custom to suspeucl work iinmecliately 
while blood or plasma is ndiniuistered more rapidly and the patient is 
jjiven ample ojiportunity to I'ceover. 

Finally, continuous spinal anesthesia is ])articularly advantageous in 
patients with cancer because it inherently provides for the element of 
uncertainty in all exploratory procedures where the ojjcrability must 
remain in question until the i>eritoneum has been o])ened. In the in- 
operable patient the small initial dose shortly wears otf, returning the 
patient, with the exception of the incision, to his oi-iginal preopei’ative 
stale. In the operable case, provision is made foi‘ continuing unhur- 
riedly as long as is necessary regardless of unfore.seen difficulties. 

SUMMARY 

1. The results in 300 consecutive patients receiving general ether 
anesthesia and in 100 consecutive patients receiving continuous spinal 
anesthesia have been comparatively presented. It is felt that the rela- 
tive constancy of all factors, with the exception of the type of anes- 
thetic used, makes these unusually good groups for comparison. 

2. On critical analysis, 44 per cent of the patients given general anes- 
thesia and 77 per cent of those given continuous spinal anesthesia Avere 
considered to have had satisfactory operative and postoperative courses. 
The incidence of blood pressure falls was very appreciably less in those 
who received spinal anesthesia, with definite improvement in technique 
reflected in the course of the first and last fifty patients so treated. 
The occurrence of three fatal pulmonary emboli following the use of 
general ether anesthesia and none following the use of continuous 
spinal anesthesia, in our opinion, reflects the less complete relaxation 
produced by the former, necessitating greater operatiA-e trauma. 

3. Our method of administration of continuous spinal anesthesia is 
similar to that described by Lemmon, A\dth certain simplifying modifi- 
cations. The management of these patients, involAung considerably 
more than the periodic administration of a spinal anesthetic agent, is 
discussed from several of its important aspects. 



CYSTOSfETRY AFTER SPIXAE ANESTHESIA 
jMajor Carroll J. Bicllis, JIedical Corps Res., U. S. Army 

INTRODUCTION 

C REEYY'S classical studies of the effects of prolonged vesical disten- 
tion demonstrated that pi’ofound ii-reversible urinary tract damage 
may follow the neglect of tlic overdistended liladder. In the presence of 
urinary retention, there is an increased susceptibility of the urinary 
ti’act to infection; in fact, patients u'ho were thought to have succumbed 
to obscure vasomotor effects following rgpid decompression of the chroni- 
cally distended bladder or to the infection attending catheterization 
really have died as a result of latent upper urinary tract infection har- 
bored prior to the emptying procedure.-® 

Every cystoscopist is familiar with the mural hemorrhages in the 
acutely or chronically distended bladder (iMcrcier,-'® Grellety,”^ Picard, 
Tuffier,"'* Genouvillc and Boeckcl,-'' Delbet,-' Chute,*® and Vintici and 
Laroche*'’). Creevy-* and others (Shigematsu,*® and Guyon and Albar- 
ran®°) have demonstrated these hemorrhages ivithin forty-eight hours, by 
which time the postural tone (a protective mechani.sm) has failed, gan- 
grene and perforation intervening in sixty to seventy-two hours. The 
hemorrhages occur first in the .submueo.sa of the bladder, then occupy the 
entire wall and proceed U]) to the kidney. Thus, urinary retention pro- 
duces increased susceptibility of the urinary tract to infection. Creevy 
says, "The necrotic tissue furnishes a culture medium the surface of 
which is isolated from the usual defenses against bacterial invasion ; the 
loss of contractility causes incomplete emptying of the bladder. The 
resultant stasis favors bacterial growth.” 

Indeed, this secpience of events ivas described as early as 1873 by 
Goodheart.®^ Others (Achard and Regnault,’ Albarran and Ilalle,® 
Bazy,^ Jlelchior,'*® Rovsing,®^ and Schmidt and Aschoff®*') have shown 
that virulent bacteria injected into the intact bladdei- are hai'inlcss 
until the bladder is traumatized or obstructed, whereupon severe in- 
fection of the bladder and upper urinary ti'act often develops. 

■When a measurable quantity of urine is present in the bladder, the 
intravesical tension is 6 to 10 cm. water (Boeminghaus,*’ ® jilosso and 
Pellacani,®* and Rose®^). When the volume reaches 200 to 400 e.c.. the 
pressure quite abruptly rises to 18 to 30 cm. water, the exact figure 
being different for different authors (Hirsch,®® Kreutzmann,-*® Pilcher,®* 
Schwarz and Brennei'®®), and a desire to urinate, coinciding with mild 
rhythmic contractions of the detru.sor and relaxation of the internal 
sphincter, is established. 

Received for publication, April 22, 1044. 
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The human detrusor ui-inac is probably incapable of exerting- a pres- 
sure much more than 40 cm. water, the intravesical tension maintain- 
ing a fairly constant degree of pressure, within wide limits of filling. 
This ability of the bladder to relax as it fills, maintaining a constant 
pressure, was designated by Sherrington'’’®’ as “po.stural tone." How- 
ever, this pressure is raised remarkably in acute urinary retention, 
with resulting damage due to the intermittent attempts to void, which 
may produce considerable rises in intravesical tension (Creevy"). 

Creevy--' has pointed out that the inability to void after surgical 
operations is due to the horizontal position of the patient, the pain of 
the injiired tissues, and drugs, such as the anesthetic oi’ opiate. He 
has emphasized the impoi'tance of early catheterization, if spontaneous 
voiding six to eight hours after the previous voiding is impossible. 
He correctly has pointed out the fallacy of relj’ing on cholinergic, 
vagotropic, or parasympathomimetic drugs or such artifices as audible 
running water to produce voiding, ilore often than not, urine so 
obtained is merely an overflow. A more physiologic emptying may be 
permitted through a small sterile, well-lubricated eathetei’, passed 
gently and frequently enough, or simply left in place for a day. 

PURPOSE OF THE STUDY 

Although the acute urinary retention secondary to many operations, 
such as the post-partum state (Bennetts and Judd®), and to laparot- 
omies is a familiar picture, no studies have been recorded of the effects 
of such pi’ocedures or the anesthesias per se on the cystometrogram. 
The measurements to be described were undertaken with the view of 
determining the relationship between desire to void, intravesical ten- 
sion at that point, and the bladder volume required in the immediate 
postanesthetic period. 

Varying figures have been published purporting to represent the 
pressure in the distended bladder. Dubois^® stated that the pressure 
was 9 to 10 cm. water ; Pilcher®" gives it as 26 to 30 cm. water ; Camp- 
belP® found the average of eleven cases to be 28 cm. water; Bumpus 
and Poulds“ found it to be 50 cm. water. Watkins,’^® using large 
quantities of filling fluid, found that a progressive rise in bladder 
pressure took place with filling. Prom the work of Mellanby and 
Pratt, and Boyd and Smith," it appears that a progressive rise does 
not take place under physiologic conditions. 

It becomes apparent, then, that one must employ a method of ej’s- 
tometry which would approximate normal conditions. For this pur- 
pose ninety-four young men, none of whom had any apparent urologie 
disease, with ages ranging from 18 to 35 years, were selected. These 
soldiers were operated on under spinal anesthesia for the conditions 
listed in Table I. eystometrograms being made as soon as sensation 
below the level of anesthetic injection returned. Consequently, in 



898 


SUUGKIlV 


Tahi.k 1 


DlSTIUBGTlQX OF Ol'KF.ATlON'S AMONG CASES L'SEli I'OU CySTOMETKIC f>Ti;i)Y 


si-rgicae rRocEurnE 

NUMliF.R OF CASES 

, Spina! Anesthesia 

Hemorrhoidectomy 

IS 

Pilonidal cvstcetomA- 

42 

Appendectomy 

S 

Rectopexy 

2 

Inguinal herniorrhaphy 

s 

Debridement of foot 


Hydrocelectomy 


Anal fistulatomA’ 

4 

' Curettement, actinomvo.'ii.': of inguinal region 

1 

Meniscectomy (knee) 


Colectomy 

i 

Preparation of abdominal tubed pedicle graft 

1 

Pinch grafts from abdomen 


Total 

04 

Intravenous Pentothai Sodium Anesthesio 

Incision and drainage of abdominal wall ab.scpss 

1 

Curettement, actinomyco.sis of ncek 

1 

DiA’ul.sion of anorectum for stricture 

1 

Manipulation of knee 

t 

Reduction of dislocated ankle 

1 

Total 

5 


nearly every ease, the deterniination v’as made witliin two lio\irs after 
the patient’s I'etiirn fro7n the operating roonn 

The principles of cystoinetiy and the intei’pi'etalion of eyslometro- 
grams have been adequately disciissed elsewhere. (MeCi’ea/' Lewis 
and Langworthy, O’Heeron,^'' Simons.'- Clieetham,'" Boyd and 
Smith.^" Weyraucli and Peterfy,'® and Wood.*®) In addition many 
types of cy.stometers have been described (Cone and Bridgers,’® Valk,'" 
Davidson,®® Simons,'^ Lewis, •’® PoAdsen,®* Brodie, llelferl, and Phifer,’’ 
Carleton and Nagamatsu,’® Lich and Ortner.-" Creenberger and ITel- 
fert,’’ ilnschat,®® and Landes and Vori-s.”) 

The procedure followed in this investigation was similar to tliat sug- 
gested by Ro.se.®®’ ®®' A small Avhistle-tix) catheter, No. 12 or 1-iF, was 
passed into the bladder and anchored to the penis with a single strip 
of adhesive tape, the bladder being allowed to empty. The catheter 
was then attached to the inlet tube (C) of the cystoineter (Fig. 1) 
which is a three-outlet Cai-rel-Dakin tube of the tidal irrigator de- 
scribed previously (Beilis®). The Muiq^hy di-ip (D) permits a con- 
tinuous flow of measurable quajitities of saturated boi'ie acid solution 
from the reservoir (i?) at the rate of aljout four drops per second, 
Avhich is roughly equivalent to 15 c.c. per minute. Fluctuations of 
intravesical pressure, indicative of bladder contractions, are clearly 
visible in the upright glass manojnetcr tube (.1/). In each case the 
pressiire developed with each 20 c.c. of added fluid Avas recorded. The 
intravesical pressure and bladder A'olume wei’e noted Avhen the patient 
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ig. 1. — Tidal irrigator converted to cystometer. R, reservoir: D, Murphy drip; ill. 
manometer ; S, siphon ; and G, catheter tubing. 
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Fig-. 2. — Effect of spinal anesthesia on mean intravesical tension developed with in- 
creasing bladder volume. 
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indicated a desire to void, attended by the development of pain and 
stich marked bladder contractions that fluid was expelled around the 
catheter. Tlie cystometry was then discontinued, the bladder fluid 
siphoned off (S), and the catheter removed. Many of the patients 
were given injections of morphine during the cj’stometry because of 
postoperative pain. Although the cystometrogi’ams in siieh cases may 
ha%'e been slightly altered by the narcotic, the modification of the read- 
ings obtained are probably not important. 

Control determinations were made on five patients who had been 
given inti'avenous pentothal sodium as anesthesia for A’ery short oper- 
ations. In these eases, it was necessary that the cystometry be pei*- 
formed in two to tlu’ce hours po.stoperatively in order to alloAV for 
recovery from the anesthetic. 


RESULTS 

The study showed a surprising uniformity of measurements. Gener- 
ally, in the spinal anesthetic group, the intravesical tension increased 
slowly as the bladder rvas distended with fluid, the strong rhythmic 
contractions, indicated hy fluctuations in the manometer column, co- 
incident Avith desire to void, occurring at greater volumes and afhigher 
pressures than in the controls. The mean volume of solution required 
to produce a desire to void in the spinal series Avas 671 c.c. the mean 
intraA’esical tension at that point being 42 cm. Avater (Pig. 2). The 
small rhythmic vesical contractions during filling described by Goltz''* 


Table II 

AIeaK iKTKAVEStCAL TENSION'S CoKRESPONDING TO BeAODER VOLUMES 


BLADDER VOLUSIE (C.C.) 


intraa-esical tension 
(cm. boric acid solution) 


spinal Anesthetic Group 


40 


1 


80 


3 


120 


4 


160 


.3 


200 


4 


240 


7 


280 


6 


320 


10 


360 


12 


400 


12 


440 


13 


480 


14 


520 


16 


560 


22 


600 


25 


640 


31 


671 


42 


Control Group 

40 


o 


80 


3 


120 


6 


160 


9 


200 


12 


224 


24 
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in the dog "were also observed in these patients. The greatest volume 
of solution required to produce strong bladder contractions and a 
desire to void was 1,34:0 c.e., the pressure developed being 41 cm. 
water. The least volume of .solution required was 480 c.c., the intra- 
vesical tension at that distention being 21 cm. water. 

In the control group, the mean bladder volume at which desire to 
void was experienced was 224 c.c., the mean intravesical tension at 
that volume being 24 cm. water (Fig. 2). The greate.st bladder volume 
necessary to produce a desire to void was 260 c.c., the tension at that 
volume being 28 c.c. 

In both groups the intravesical tension i-ose slowly as fluid rvas added 
to the bladder. However, as the point where desire to void was ap- 
proached, the intravesical tension rose rapidly, giving a parabolic, 
rather than a logarithmic type of curve (Table II). 

DI.SCUSSION 

It is well known that lesions of the central nervous system Avhich 
disturb sensation of the bladder disturb its voluntary control (Curl- 
ing^®). Consequently, the use of the cystometrogram in the study of 
neurogenic vesical dysfunction has. received wide recognition (Smith 
and Engel, Magid,^^ Adams,* Voris and Landes,” Muschat,®* and 
Munro and Hahn®*). Not one investigator in this field has failed to 
emphasize that when sensation from the bladder is lost, its postural 
tonus arcs are interrupted, leading to overdistention with absence of 
desire to urinate, even at abnormally high intravesical tensions. If 
this state is allowed to persist even for a few hours, bladder sensation 
is further obtunded, aggravating the cycle. Shatlock®* demonstrated 
a temporary retention and overflow incontinence in the cat after eo- 
eainization of the bladder mucosa. More recently, Kirwin and Hawes®* 
showed that in six young men who had voided after retaining their 
urine as long as possible and who Avere catheterized after finally urinat- 
ing, residuals of 70 to 365 c.c. were present. Thus, even the vesical 
distention produced by voluntary retention may produce pressure an- 
esthesia of the bladder Avail. 

Since the stretch reflex for the bladder is in the sacral cord (Budge,®*> 
Giannuzzi,®* and McClintic^®), it is not surprising that residual vesical 
effects are found after the use of spinal anesthesia. Rehfisch®* shoAved 
that urinary continence is a matter of mural tonus rather than sphinc- 
ter action, and although this concept is someAvhat modified today from 
our knoAvledge of the anatomic dispositioiA of the internal sphincter, 
it still remains that sphincter action is not the most important mecha- 
nism in continence. 

Creevy,*® Gruber,®® and Hibiis®* have fully described the innervation 
of the bladder in relation to micturition. The internal sphincter itself 
is probably a specialization of the detrusor urinae, Avhile the external 
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sphincter, lying between the layers of the urogenital diaphragm, con- 
sists of the sphincter nrogenitalis nrethrae and the transversns perinei 
profundixs, contracting as a nnit. 

The ptidie (pudendal) nerves arising from the first three or four 
sacral segments are sensory for the urethra and motor to the external 
sphincter. The pelvic nerves (iiervus erigens), also arising from the 
first three or four sacral segments, are parasjTnpatlietic and sensory, 
carrying sensory impulses from the bladder wall and motor impulses 
to it through the terminal ganglia of the vesical plexus. Being motor 
to the detrusor, they also cause the inteimal sphincter to open. 

The hypogastric nerves (presaeral) are physiologicallj' sympathetic, 
arising from the second to fifth lumbar segments, proceeding by way 
of synapses in the inferior mesenteric ganglia and the postganglionic 
fibers to form the lower ganglia of the abdominal sympathetic trunk. 
According to Creevy, a few preganglionic fibers from the aortic plexus 
have synapses in the ganglia of the vesical wall. Although about 25 
per cent of the fibers of the hypogastric plexus are sensory, the pri- 
mary function of the hji^ogastric nerves is to inhibit the detrusor, and, 
hence, they have been called the “nerves of bladder filling.” Although 
there may be a myogenic contraction of the detrusor, as seen occasion- 
ally in neglected cases of neurogenic vesical dysfunction wdth overflow 
incontinence, there are two principal centers for micturition : (1) bi- 
laterally symmetrical in the brain, and (2) in the spinal cord and 
vesical plexus. 

Therefore, urinary retention may be caused by an irritative motor 
lesion producing sphincter spasm, or it may result from detrusor pa- 
ralysis, usually from loss of sensation rather than from motor paralysis 
per se. The result of distention, as seen in overflow incontinence, is a 
rise of intravesical tension to a destructive level, with dilation of the 
ureters and kidney pelves, hydronephrotic atrophy, and uremia. 

Spinal anesthesia temporarily establishes a type of neurogenic vesi- 
cal dysfunction, probably due to the anesthetic agent. The bladder 
wall remains somewhat insensitive to its distending contents, and al- 
though the expulsive force of the detrusor may actually not be dimin- 
ished, the normal strong reflex vesical contractions, which coincide 
with desire to void, do not appear until the volume of the bladder and 
the intravesical tension are so great as to invite further pressure anes- 
thesia of the wall, and a continued sensory type of retention which 
initiates urinary infection. 

To wait until the bladder is distended to these levels is to court 
infection. If malaise, chills, fever, and leucoeytosis follow catheteriza- 
tion after the bladder has been so distended, the blame need not be 
placed on the catheter. The surgeon must call himself to task for 
allowing the seeds of infection to become implanted in the bladder 
wall by permitting distention, pressure necrosis, retention, and re- 
duced sensitivity to pursue their vicious cycle. Early catheterization 



BELUS: CYSTOJIETKY AFTER SPINAL ANESTHESIA 


903 


of patients after administration of spinal anesthesia, and, perhaps, 
after inhalation anesthesia, is a necessary therapeutic adjunct. 

The surgeon must be mindful of the hour at whicii the bladder was 
emptied preoperatively, the diuretic effect of the sympathetic-paralyz- 
ing anesthetics, and the fluids administered postoperatively. Often, 
a patient will require catheterization four or five hours after return- 
ing from the operating room, where operation, perhaps of one hour, 
has been performed, and following which intravenous solutions have 
been administered. Merely to direct a subordinate to'^"catheterize in 
twelve hours if patient has not voided,” is a fateful and foreboding 
procrastination. Early catheterization, by preventing pressure anes- 
thesia of the bladder wall, will facilitate early subsequent spontaneous 
voiding, while delayed or widely-spaced catheterizations serve to ag- 
gravate the neurogenic dysfunction and precipitate infection. 

SUMMARY 

Cystometro grams were made in ninety-four surgical patients imme- 
diately after cessation of spinal anesthesia. It was found that the 
mean volume of solution and the corresponding mean intravesical pres- 
sure required to produce desire to void were extremely high (671 c.c. 
at 42 cm. water) compared with controls having received intravenous 
anesthesia. In no case were the intravesical volume and tension mthin 
normal limits. This is interpreted to mean that following the use of 
spinal anesthesia there remains a residual mural insensitivity, coexist- 
ant with a decrease in vesical tone. 

These observations are discussed in the light of the neurophysiology 
of micturition and the dangers attending delay in catheterization of 
the postspinal anesthetic patient. 
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A DB]MONSTRATION OF TWO TYPES OP BURN SHOCK 

Myrox Prixzmet.vl, M.D., H. C. Bergmax, Ph.D., axd 
O sc.vR Hechter, Ph.D., Los Angeles. 

fFrom the Straus Research Lahoratory, Cedars of Lebanon Hospital, and the 
University of Southern California Medical SchoolJ 

I T HAS been recently shown that shoeh due to muscle injury can be 
produced through at least two different meehanisnis : (1) local fluid 
loss, as demonstrated by Blalock,’ and (2) a toxic factor, bacteilal in 
origin.^ It seemed important to determine whether shock due to vary- 
ing tiT^es of burns might not similarly result from more than one 
mechanism, depending upon the characteristics of the burn. 

The principal evidence for the view that burn slmck may result 
from local fluid loss is based upon the work of Blalock’ and Harkins’ 
who found bj' actual measurement that considerable local fluid loss 
occurs in and near the burned areas. The degree of local fluid loss which 
they found was considered sufficient to account for some or all of the 
deleterious effects in early burn shock. The significance of their re- 
sults vdll be discussed later. 

In the course of extensive investigation on burn shock, we, as well 
as Elman and Lischer’ have observed that following a slight burn 
marked edema occurs, whereas with more severe burns the amount of 
^dsible edema appears to be considerably less. As a result of this ob- 
servation, we decided to investigate the degree of local fluid loss in 
varioxrs types of burns and to determine whether or not there was a 
correlation between the occurrence of shock and the degree of local 
fluid loss. 

METHODS 

Two types of burns were produced in the following ways: (1) A 
mild burn involving a small part of the body surface was produced in 
sixty rats by immersing a single hind limb of the etherized animal up 
to the hip in water at 75° C. for ten seconds. The area burned was 
approximately 7 per cent of the body sui'faee as determined by post- 
mortem dissection. (2) A severe burn involving the same small area 
was produced by immersing the hind limb of twenty-seven chloro- 
formed rats into boiling water for from two to three minutes. 

The animals were not given food or ivater after the burning pro- 
cedure. 

The fluid shifts in burned animals were evaluated on the basis of 
bisection studies, using a method previously described by Hechter 
and co-workers.® After determining the b..dy weight, midiine skin 
incisions extending from the head to the tail were made upon the 

Alflet! by grants from the Bl.snche May Selden Fund, the Martha Kirschner Haft 
Memorial Fund. P. Brice, and Morton May, 
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ventral and dorsal surfaces of the animal. The thoracic and ab- 
dominal contents were then removed and the carcass iveiglit deter- 
mined. The lower portion of the body was di\dded from the upper 
half by cutting through all of the tissue layers and the spinal column 
on a line parallel to, and just below, the lowest ribs of the thoracic 
case. The vertebral column and the tail were then removed by careful 


l-K 

I 


.v 






/ 








K««.- 




Fig. 1. — Method of bisection. The last step is not shown, which Involves separation of 
the lower quadrants by an Incision paralleling the lowest rib. 

dissection, thus separating the two lower extremities. By comparing 
the weight of the burned side with that of the nonburned side of the 
animal, the degree of fluid sliift evaluated as per cent of the body 
weight was measured (Fig. 1). 

The accuracy obtainable with this method of bisection is illustrated 
in Table I where the results obtained on twelve consecutive measure- 
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TiVBLE I 

The VARiATiox Between the Two Lower Quaprants or'JToNBuftNEp Bats, 
Using the Bisection Method 


EXP. 

NO. 

R.\T BOPy 
WEIGHT 
(GM.) 

right beg 

BEIT beg 

DIFFERENCE 

(OM.) 

DIFFERENCE 
AS PER CENT 
OF BODY 
WEIGHT 

1 

240 

33.1 

32.0 

1.1 

0.5 

2 

207 

25.0 

23.0 

1.5 

0.7 

3 

250 

53.3 

53.7 

0.4 

0.2 

4 

240 

34.9 

33.7 

1.2 

0.5 

5 

180 

24.4 

25.0 

1.2 

0,8 

0 

170 

24.6 

24.S 

0.2 

0.1 

7 

1G4 

23.3 

23.7 

0.4 

0.2 

S 

356 

22.0 

23.7 

1.7 

1.1 

9 

177 

26.2 

24.8 

1.4 

0.8 

10 

138 

19.5 

20.0 

0.5 

0.4 

11 

107 

28.2 

29.0 

0.8 

0.4 

12 

151 

22.1 

22.3 

0.2 

0.1 


ments on noiiburned animals are shown. It will be seen that the dif- 
ference between the two lower quadrants varied from 0.1 to 1.1 per 
cent of the body weight (0.2 to 1.7 Gm.), the average being 0.5 per 
cent. These variations of the method of bisection for rats arc in the 
same range as those reported by Blalock^ in dogs. 


RESULTS 

Slight Burn Involving Small Surface of the Body . — Animals receiv- 
ing a 75° C. burn for ten seconds involving one limb, remained in excel- 
lent condition and never went into shock. TJie limb, and especially 
the paw, became markedly edematous and on incision exuded fibrinous 
fluid (Pig- 2). In order to determine how rapid the fluid accumulated, 
animals were sacrificed one, five, twenty-four and forty hours after this 
burn. The degree of local fluid loss is shown graphically in Pig. 3. It 
will be seen that animals lose, on the average, 2 per cent of their body 
weight into the burned quarter at one hour; 3.3 per cent at five hours; 
3.9 per cent at twenty-four liours; and 3.S per cent at forty hours after 
thermal injury. It is of importance to observe tliat seven animals lost 
5 per cent or more of their body w'eight in fluid and yet remained in 
excellent condition, not developing shock. The results demonstrate 
three things: First, a slight hum involving a small area of the body 
surface produces considerable local fluid loss but does not lead to the 
development of shock; second, most of the local fluid loss with this bum 
ccurs very rapidly, as Harkins'* has also demonstrated ; third, animals 
^ean lose over 5 per cent of their body weiglit locally and do not develop 
Sock if the loss takes place slowly. 

‘Severe Burn Involving Small Swface.~The findings with the slight 
Ln,-n are in striking contrast to the results obtained in animals in which 
was produced over the same area of the body surface 
“ !T » L Jwmity, It was observed ™th the 100“ 0. b,.m that 
thrl'ilraed limb became bard and pale. Visible local edema in the 
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Fig. 4. — Right hind limb of rat burned at 100“ C. for two minutes. The limb is 
shrunken and does not appear edematous. Animals burned in this manner with little 
local fluid loss exhibited shock (thirteen of twenty-seven died). 



A e 121620 24 28 32 34 40 

HOim ATTXi sousn'o 


Fig. 5. — Local fluid loss obtained in twenty-six rats following a bum of one hind 
limb at 100° C. for from two to three minutes. The dots represent animals that died 
in shook. The circles represent animals that were killed at the times shown. The 
curv'e is the average fluid loss represented in Fig. 3. demonstrating the degree of fluid 
loss of animals not going into shock. Eleven of the twelve animals that died had less 
fluid loss than was found in mildly burned animals not going into shock. 
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TABi-n 11 


The Pleid Shift Ixto a Hind Limb Bubned at 100° C. for Prom 
T wo TO Tiuiee SIixutes 


time of 

DEATH OB 
KILUNG 
AFTF.n 
BURN 
(HE.) 

DIED on RAT BODY 
KILLED weight 

NORMAL 

LEO 

WEIGHT 

BURNED 

LEO 

weight 

DIFFER- 
ENCE IN 
WEIGHT 

(gm.) 

differ- 
ence AS 
PER CENT 
OF BODY 
umiGHT 

14 

Died 

193 

34.7 

35.2 

0.5 

0.2 

16 

Died 

326 

53.1 

60.4 

7.3 

2.2 

16 

Died 

170 

37.6 

40.5 

2.9 

1.7 

16 

Died 

207 

39.7 

42.9 

3.2 

1.5 

10 

Died 

102 

25.0 

27.4 

2.4 

1.5 

10 

Died 

200 

35.7 

37.9 

2.2 

1.1 

16 

Died 

175 

30.5 

34.3 

3.S 

2.2 

22 

Died 

166 

29.8 

30.0 

0.8 

0.5 

22 

' Died 

230 

41.0 

55.0 

14.0 

5.5 

24 

Died 

170 

27.3 

32.6 

5.3 

3.1 

40 

Died 

185 

32.0 

38.6 

6.0 

3.2 

40 

Died 

183 

31.1 

34.4 

3.3 

1.8 

20 

Killed 

103 

27.5 

33.2 

5.7 

3.5 

23 

Killed 

100 

28.1 

33.0 

4.9 

2.9 

24 

Killed 

149 

23.0 

30.0 

7.0 

4.7 

24 

Killed 

368 

54.2 

72.7 

18.5 

5.0 

24 

Killed 

195 

35.8 

40.8 

5.0 

2.6 

47 

Killed 

180 

28.8 

34.5 

5.7 

3.2 

48 

Killed 

171 

30.0 

36.5 

6.5 

3.8 

43 

Killed 

199 

31.0 

40.9 

9.9 

4.9 


burned extremity was not e\ddcnt (Fig. 4). These animals appeared 
to be in shock and 13 of 27 died ivithin forty hours. The average local 
fluid loss of 12 of these animals (excluding one because the burned limb 
was chewed off) Avas 2.05 per cent of the body weight. The degree of 
local fluid loss was greater in the 14 animals that did not die but were 
sacrificed after forty hours than in those that died in shock, the average 
being 3.7 per cent (Fig. 5 and Table II). 

These results demonstrate that severely burned animals die in shock 
until less local fluid loss than that observed in slightly burned animals 
not going into shock. Similarly, in the second experiment, the animals 
that died following a severe burn exhibited less local fluid loss than those 
surviving the same burn. 

DiscussiOiSr 

Blalock' and Harkins^ have shown that fluid loss in and near the 
burned area is an important factor in the development of burn shock. 
In this report, it has been clearly demonstrated that animals may die 
in shock with insignificant local fluid loss following a severe burn. 
It has been shown that animals mildly burned, not developing* shock 
exhibit greater local fluid loss than the animals djdng from severe 
burns. Similarly it has been shown that the animals which survived 
the severe burn exhibited considerably greater local fluid loss than 
those rats whicii succumbed. It is -therefore apparent tliat following 
certain types of burns, animals may die in shock not due to local fluid 
loss. We have also found in studying 64 animals that were burned 
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(over 30 to 39 per cent of their body surfaces for ten seconds at 100° 
C.) that death may occur with insufficient local fluid loss. 

The mechanism of death of those animals dying u'ithout significant 
local fluid loss is unknown. It rvould be useless to speculate on the 
impoi’tance of neurogenic or toxic factors without further evidence. 
The fi)iding of little local fluid loss does not indicate that the effective 
circulating blood volume in the.se animals was not reduced. We are 
now studying this problem. 

In view of our results it would appear probable that Blalock’ and 
Harkins^, might have obtained considerably greater fluid loss with less 
shock by emplojung a smailcv degree of burn, since the burns they 
employed were more severe tlmn those used in our ex])ei'iments where 
little fluid loss was encountered. It is of interest to observe that 
Harkins, who used a Bunsen burner for ten minutes, observed less fluid 
loss than did Blalock, who presumably obtained a lesser degree of 
thermal injury with hot irons. 

It is apparent that in view of these results, therapeutic measures 
successful in the treatment of one type of burn shock are not neces- 
sarily effective in other types. For the past three years we have in- 
tensively studied the burn shock which results from scalding 80 to 90 
per cent of the body surface of rats and mice for ten seconds at 65 or 
75° C.° It appears likely that the shock produced by this method is 
due ii\ large part, at least, to local fluid loss, since we have shown in 
this study the large amount of fluid which can accumulate into a 
single limb burned in this manner. If shock from burns is ever due 
to local fluid loss alone, it should occur under these circumstances, 
which are more favorable for the production of local fluid loss than 
any others with which we are acquainted. This might be the explana- 
tion for the unusual results originally foiind by RosenthaF and con- 
firmed by us,® that the therapeutic effect of plasma could be accounted 
for entirely by its sodium content. It has been recently shown by 
Pox® that the amount of sodium in a mildly burned area is dispi'opor- 
tionately high, and it is thought that the depletion of sodium from the 
rest of the body may be an important factor in the development of 
shock. This offers an explanation for tlie therapeutic effect of sodium 
salts in the type of shock found in widespread mild hirrns. It would 
appear probable that the sodium factor is less important in shock due 
to severe burns with insignificant local fluid loss, because it seems 
likely that the characteristics of the burn which reduce fluid loss would 
be expected to reduce sodium loss as well. Thus, it is possible that 
plasma may prove to be superior to saline solution in the type of burn 
shock with insufficient local fluid loss, as it is in the case in other types 
of traumatic shock. Likewise, agents effective in the shock due to local 
fluid loss may he ineffective in the other type of bum shock. Thxxs, liver 
extract® and sodium salts’ effective in one type may not he effective in 
the second type. 
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It is exlveraely likely that in clinical burns both factors are of im- 
portance and may operate sinnilianeoiisly in varying degrees. In 
more severe burns the factor of local fluid loss would appear to be less 
important, whereas with more widespread mild burns, u'hich produce 
marked edema and weeping of the skin, the local fluid loss factor may 
play a greater role. It might be pointed out that patients with wide- 
spread severe sunburn with a groat deal of local swelling do not as a 
I’ule go into shock. Considering the re.sults obtained in this study, it 
appears to us that the role of local fluid loss in clinical shock from 
burns may have been overemphasized. 

We do not mean to imply from this study that there are onlj^ two 
types of burn shock. It is possible and extremely probable that other 
factors as yet unknown are implicated. In fact, it is possible that the 
second “type” without local fluid loss is due to more than one mecha- 
nism. The pathogenesis of this type of shock is now being investigated. 

CONCLUSIONS 

1. Rats who were mildl}'- binned at 75° C. for ten seconds on a single 
hind limb developed marked visible edema with considerable local fluid 
loss but did not develop shock. 

2. Rats whose single hind limbs were severely burned at 100° 0. for 
from two to three minutes died in shock udthout visible edema and 
exliibited insufficient local fluid loss to account for death. Similar re- 
sults have been obtained when larger areas of the body were severely 
burned for ten seconds. 

3. It is therefore apparent that there are at least two mechanisms 
capable of producing shock : one due to local fluid loss and the other due 
to some unknown factor (s). 

4. This difference in the mechanism of production of burn shock may 
explain some of the differences of opinion regarding therapeutic agents 
in burns. 
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FURTHER STUDIES ON THE ROLE OP BACTERIA IN SHOCK 
DUE TO CRUSHED MUSCLE IN DOGS^ 

S. C. Freed, M.D., H. E. Kruger, axd !Myrox Prixzmetau, j\I.D. 
S/VX Fr-vxcisco, Calit. 

(From the Harold Brimii Jni,1itute, Ifount Zion Ilotpital) 

I N A recent publication from tins laboratoiy,’^ a technique Yfas re- 
ported by which shock could be regularlj' produced in dogs by 
eioishing a Icnou-n amount of muscle with minimal loss of blood. It was 
shown that the shock thus produced was a direct result of bacterial 
action. For it was obsciwed that despite strict, aseptic surgical tech- 
nique, the enrshed muscle was always grossly contaminated. If, how- 
ever, the bacteria were inhibited by the use of antibacterial agents, 
shock did not oceiu’ and aU animals remained in excellent clinical con- 
dition, In these experiments sulfamerazine was administered both 
locall3’- and s.vstemicall}'. In addition, in one group of animals the 
crashed muscle was soaked in aeriflavine solution as was first per- 
formed by Abraham and his assoeiatc.s,- unth intraperitoneal implanta- 
tion of liver tissue. Untreated animals were obviously in shock at the 
end of twentj'-four hours, thei’C was a decrease in circulating blood 
volume, the limb operated upon was decidedly swollen, the crashed 
muscle at autopsy always had a foul odor, gas was often present, and 
direct smear of the muscle revealed numerous bacteria of manj' tj^pes. 
This was in striking contrast to the treated animals in which a decrease 
in blood volvune was infrequent, less swelling of the operated quarter 
was observed, and the crashed muscle at autopsj’' appeared clean, had 
no odor, and revealed few or no organisms in direct smear. Despite 
the considerable swelling of the leg in the untreated animals, it was 
demonstrated that the local fluid loss was insufficient to account for 
the shocklike state, and it was concluded that this was an example of 
toxic shock, as distinguished from extravasative shock induced bj'^ other 
methods such as blows or certain types of burns. 

In the fii-st report,^ it was shoum that the systemic administration of 
sulfamerazine immediately after trauma prevented the occurrence of 
shock. The following problems seemed of practical importance: How 
late can the sulfamerazine be administered and still be effeffetivef 'When 
administered sj-steraicallj-, does the sulfamerazine penetrate into the 
ischemic, crushed muscle and in what concentration? What is the 
relative efficiency of local as compared with systemic administration of 
the drug? 

'Aided by a grant from > Columbia Foundation for Medical Research. 

Received for publicati June 10, 1944. 
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Experimcnf Jl. The Local Applicaiion of Stilfamcrazinc— In eleven 
clogs the sulfamerazinc was aclniinislcrecl locally in llie following man- 
ner. The drug was thoroughly mixed with the crushed muscle before 
reinsertion. The do.sage was 0.5 Gm. of sodium sulfamcrazine per 10 
Gm. of muscle. No other treatment was given. Nine dogs remained 
in excellent condition and only two went into shock and died. There 
was no decrease in blood volume in the animals not going into shock. 

It should be emphasized that, in this experiment, the animals re- 
ceived only one administration of the drug and were given no addi- 
tional therapy. The blood concentration of sulfamcrazine was very 
low (2.5 to 3.5 mg. per cent) and at times only a trace ivas found. 

It appears that the local administration of sodium sulfamerazine was 
moderately beneficial since shock did not oeciU' in nine out of eleven 
animals. It is, therefore, apparent that local treatment alone may not 
be completely effective. 

Experiment 3. The Systemic Administration of Sulfamerazine Six 
Hours After Trauma. — Ten dogs I'cccived sodium sulfamerazine (0.2 
Gm. per kilogram body weight) intravenously six hours after reinser- 
tion of the crushed muscle. Subsequent daily doses (0.1 Gm. per kilo- 
gram body weight) were given orally. Tlie average sulfamerazine blood 
level of these ten animals was 15.2 mg. per cent, ranging from 9.2 to 
20.8 mg. per cent. All ten animals remained in good condition and in 
seven of the dogs there was no significant change in circulating blood 
volume (Table I). The wounds of these animals at autopsy appeared 
clean and had no odor. Cultures of the crushed muscle were sterile in 


Table I 

Effect on Blood "Volume op Crx’Shed Muscle op Bogs Deceiving Sulfamerazine 

Six Hours After Trauma 


BOG 

KO. 

WEIGHT 

(KG.) 

WT. OF 
CRUSHED 

MUSCLE 

(GM.) 

TIME 

(HR.) 

hemato- 
crit (_% 

R.B.C.) 

PLASMA 

volume 

(C.C.) 

blood 

VOI.UME 

(C.C.) 

outcome 

1 

6.8 

34.6 

0 


463.0 



No 

sliock 




24 

46.0 

429.0 

794.0 



2 

8.2 

34.7 

0 

33.5 

424.0 

63S.0 

No 

shock 




24 

34.5 

428.0 

652.0 



3 

5.9 

35.7 

0 



397.0 


No 

shock 




24 

30.5 

293.0 

422.0 



4 

5.4 

17.7 

0 

30.0 

477.0 

681.0 

No 

shock 




24 

31.5 

45S.0 

669.0 



5 

12.8 

53.4 

0 

40.0 

467.0 

778.0 

No 

shock 




24 

35.5 

514.0 

796.0 



6 

10.9 

51.3 

0 

36,0 

639.0 

997.0 

No 

shock 




24 

3S.0 

546.0 

880.0 



7 

9.5 

49.3 

0 

36.0 

477.0 

740 0 

No 

shock 




24 

3T.5 

560.0 

896.0 



S 

0.8 

30.0 

0 

38.0 

364.0 

587.0 

No 

shock 




24 

35.5 

377.0 

585.0 



9 

10.0 

40.0 

0 

32.0 

816.0 

1200.0 

No 

shock 




24 

44.5 

440.0 

794.0 



10 

9.1 

37.5 

0 

35.5 

482.0 

748.0 

No 

shock 




24 

3S.0 

257.0 

415.0 
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three, in the remainder the muscle was contaminated but had fewer 
organisms tlian tlie crushed muscles of untreated animals. 

It is concluded that the systemic administration of si;lfamerazine in 
adequate doses is completely successful in preventing shock when ad- 
ministered six hours after trauma. 

Experiment 3. The Systemic Administration of Sntf amcrazine Seven- 
teen Hows After Trauma. — Ten dogs received sodium sulfamerazine 
(0.2 Gm. per kilogram body weight) intravenously sixteen to eighteen 
hours after reinsertion of the crushed muscle. Subsequent daily doses 
(0.1 Gm. per kilogram body weight) were given orally. The average 
sulfamerazine blood level of the.se animals was 10.0 mg. per cent, with 
a range of from 7.4 to 13.2 mg. per cent. Shock developed in five of 
the dogs, three of wliieh died within seventy -two hours. The reduc- 
tions in blood volume of these animals are recorded in Table II. The 
wounds of all of these dogs liad an unpleasant odor and culture of the 
muscle at autopsy revealed contamination. 

Table II 


Effect ok Blood Volume of Ciiushed Muscle of Dogs Rkceivixo Sulfamekaztne 
Sevexteen Hours After TEAu^^A 


DOG 

NO. 

WEIGHT 

(KG.) 

WT. OF 
CRUSHED 
JCUSCLE 
(GM.) 

TIME 

(HR.) 

hemato- 
crit (% 
n.B.c.) 

PLASMA 

VOLUME 

(C.C.) 

BinOD 

VOLUME 

(C.C.) 

OUTCOME 

1 

11.8 


0 


840.0 


Died 24 hr. 

2 

9.5 


0 

37.0 

570.0 

sTo'o 

Shock but 




24 

38.0 

- — — — 



recovered 

o 

O 

8.6 

61.1 

0 

36.0 

559.0 

872.0 

Shock but 




24 

32.0 

380.0 

560.0 

recovered 

4 

7.3 


0 


361.0 

515.0 

Died 24 hr. 

5 ■ 

0.0 

23.4 

0 

27.0 

387^0 

545.0 

No shock 




24 

27.0 

386.0 

544.0 


6 

9.1 

43.2 

0 

35.0 

377.0 

580.0 

Died 36 hr. 




24 

40.0 

357.0 

595.0 


7 


62.1 

0 


573.0 

964.0 

Shock but 




24 

42.0 

536.0 

924.0 

recovered 

8 

8.6 

25.5 

0 

28.0 

840.0 

1166.0 

No shock 




24 

25.0 

672.0 

866.0 


9 

9.1 


0 

36.5 

622.0 

980.0 

No shock 




24 


318.0 

468.0 


10 

9.1 


0 

34.0 

662.0 

1003.0 

No shock 




24 

35.5 

434.0 

070.0 



It would seem that sulfamerazine tlierapy is only of moderate benefit 
when given as late as seventeen hours after injuiy. 

Experiment 4. The Systemic Administration of Sulfamerazine Twenty- 
four to Twenty-six Hours After Trauma. — ^Eleven dogs received sulfa- 
merazine therapy as described, the initial dose being given intravenously 
twenty-four to twenty-six hours postoperatively. All eleven of these 
animals went into shock and five died. At autopsy, the wounds of 
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these animals had a foul odor and cultures revealed heavy bacterial 
growth. 

It should be mentioned that all animals were in shock at the end of 
twenty-four houi-s when sulfamcrazine therajiy was begun. It, there- 
fore, appears clear that sulfamerazinc lias no therapeutic effect when 
administered twenty-four hours after trauma. 

Experiment 5. Concentration of Sntfamcrasine in Blood and Tissues 
of Dogs Subjected to Muscle Crushing. — Determinations of siilfamera- 
zine were done in the blood, the crushed muscle, and the normal muscle 
of animals in the preceding cx])eriments. 

In Experiment 1, when the dnig was administered locally only, the 
blood concentration twenty-four hours later was between 2,5 and 3.5 
mg. per cent; four days later at autopsy only a trace was found in the 
blood and the normal muscle, while the crushed muscle contained be- 
tween 1,000 and 2,000 mg. per 100 Gm. of dry tissue. 

In animals treated by the systemic administration of sulfamerazine 
in this and the previous report, it was found that the average blood 
level of twenty-two dogs was 11.6 mg. per cent with a range of from 
6.3 to 20.8 mg. per cent. In twenty-two out of twenty-four instances 
the concentration of the sulfamerazine in the crushed muscle was higher 
than that in the normal muscle of the same animal. The average con- 
centration in crushed muscle of twenty-four animals was 62.1 mg. per 
cent tvith a range of from 14.3 to 161.5 mg. per cent. The average 
coneenteration in the normal muscle of twenty-two dogs was 23.5 mg. 
per cent with a range of from 5.5 to 38.5 mg. per cent (Table III). ' 
It is of interest that follotving systemic administration of sulfa- 
raerazine, the ischemic, traumatized tissue contains considerably higher 
concentration in the normal muscle of twenty-two dogs was 23.5 mg. 
This fact, the explanation of which is not entirely imderstood, would 
appear to be significant because the di’ug accumulates in high concen- 
tration in areas where it is most needed in spite of such areas being 
unconnected with the systemic circulation. 

DISCUSSION 

An attempt was made to determine: (1) How long after trauma the 
administration of sulfamerazine is effective in the prevention or treat- 
ment of toxic shock in dogs, and (2) the most appropriate method of 
administration. 

It was found that the local application of this drug vdthout subse- 
quent systemic administration might be effective but is not completely 
so because an adequate blood concentration is not maintained. The 
systemic administration of sulfamerazine was found to be the most ef- 
fective. In the previous study it was shown that this drug completely 
prevents shock when administered immediately after trauma. In the 
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present study, it was demonstrated tliat therapy may be begun six 
hours after trauma and, Avitli tiie establishment and maintenance of a 
high blood level of the drug, shock is completely prevented. If a delay 
of seventeen hours takes place before sulfamerazine is given, the onset 
of shock is not prevented but its further development may be arrested, 
and it would seem that the drug may be of some benefit Avhen admin- 
istration is begun after seventeen hours. Sulfamerazine therap}', if 
begun later than twenty-four hoxirs after trauma, seems to be ineffec- 
tix-e even though a high blood level is eslablislied. It is interesting to 
note that this time relationship holds tnie for the debridement experi- 
ments reported in our previous study.’ In the animals treated mth 
sulfamerazine twenty-four hours after trauma, shock was well advanced 
and the dogs died shortly thereafter. It is possible that if these ani- 
mals could be brought out of shock by tlic use of plasma, allowing them 
to live longer, the sulfamerazine might piove to be more effective. 

^Yhether or not this time relsiionship betxveen trauma and effeetive- 
ness of therapy holds true for human beings is not knomi. However, 
it is obviou.sly important that patients witli injuries that cause mai'ked 
crushing of tissues should receive intensive antibacterial therapy as 

Table III 


COKCENTBATIOX OP SULPAMERAZIKE IN BLOOD AND TISSUES OP DOCS 
With Crushed Muscle 


EXPERIMENT 

DOG 

NO. 

BLOOD 

(M0.9t) 

NORMAL muscle 

(mg. %)• 

CRUSHED MUSCLE 
(MG. %) 

Systemic admin- 

1 

14.3 

Trace 

20.0 

istration of sulfa- 

2 

C.5 

5.5 

14.3 


3 

6.3 

S.7 

11.8 

ately after trauma 

4 



26.9 

29.4 

0 

7.9 

17.0 

58.1 


6 

12.3 

31.3 



7 

11.7 

16.3 

65.8 


S 

12.5 

15.G 

107.6 


9 

11.6 


113.0 


10 

11.6 

15.5 

48.0 


11 

11.6 

38.5 

65.8 


Mean 

■im 

17.5 

53.1 

Systemic admin- 
istration of sulfa- 

12 

13.5 

29.4 

61.0 

13 

15.6 

20.a 



merazine six hours 

14 

14,3 

11.5 


after trauma 

la 

16.7 

27.3 

161.5 


10 

13.2 

24.5 

17.5 


17 

1S.6 

28.5 

57.6 


is 

9.2 

15.5 



19 

20.S 

40.0 

105.5 


Mean 

15.2 

24.6 

83.9 

Systemic admin- 

20 

8.5 

12.5 

39.7 

istration of sulfa- 

21 

13.2 

25.0 


merazine seventeen 

22 

10.S 

40.0 

25.0 

hours after 

23 

7.4 

17.0 


trauma 

24 

— 

47.5 

78.4 


Mean 

10.0 

28.4 

49.2 


Total Mean 

11.6 

23.3 

62.1 


•Mg. per 100 Gm. dry tissue. 
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soon as possible. Even though, in our experiment, sulfainerazinc proved 
to be ineffective when administration was delayed for twenty-four 
hours, nevertheless, the drug should l)e administered to patients for 
some possible benefit. In these cases, the use of plasma would appear 
to be most important since, if the shock can be controlled with plasma, 
the antibacterial agents may now be effective. It is clear that local 



1— T«o doRS (A) before beine stibjected to muscle-crusbin- procedure and 
(B) tr\enty-four hours after operatlou, one dog recel’.ed suUamerazme Uierapt and 
is in good condition the other dog receixed no treatment and is in tmofound shock 
(CJ Four dajs after operation, dog which receded sulfamerazine is in good condi- 
tion, and dog which remained untreated is dead. “ ™ tonai 
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administration of tlie dnig, while of great benefit, may be insufficient 
to prevent shock and death, and systemic administration shoidd be 
employed. 

Treatment of toxic shock due to this type of muscle crushing ndth 
antibacterial agents continues to be extremely satisfactory. Re-cmpha- 
sizing the role of bacteria in toxic* shock, it is of interest to note that, 
so fax*, of fifty dogs which i*eeeivcd adequate antibacterial treatment in 
tins and the previous study, none developed shock and all remained in 
excellent clinical condition, whereas of fifty-lAvo untreated or inade- 
quately treated dogs, fifty developed severe shock and the majority died. 



Fig. 2. — Hindquarters of both anifnals, demonstratini' the difference In size of 
operated legs. Treated dog (F) has only I’erj* sligl-.t swc'iing of operated leg. Un- 
treated dog t/l) has decided swelling of operated quarter, a great deal of -which is 
due to gas. 


We wi.sh to mention here that, to us, the clinical appearance of the 
animals has proved to he the most important diagnostic factor in this 
type of shock. Fig. 1 shows two dogs (A) before being subjected to 
the muscle crushing procedure, (B) twenty-four houre after the opera- 
tion, and (C) on the fourth day after operation. One dog received 
sulfamerazine therapy and the other dog was untreated. The treated 
dog remained in good eondition except for a slight limp when walking. 
The untreated ani* wa.s in shock twenty-four hours after the opera- 
tion and was dead or the fourth day. Pig. 2 shows the difference in 
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size of the operated legs of the two animals. The leg of the ti’eated 
dog is only slightly swollen and the operated leg of the untreated dog 
is decidedly swollen, due mainly to gas with a moderate amount of 
fluid. Fig. 3 shows the wounds of the two animals at autopsy. The 
wound of the treated dog appears relatively clean and diy although 


A. 



B 

Pig 3 — AVounds of the t^\o animals at autopsi 4, Wound of animal tiea'ed -with 
sulfamerazme appears relatnely clean and drj B. Wound of untreated animal shons 
accumulation of fluid 



922 


SURGERY 


tlie crushed, devitalized muscle is present in large amounts (79.0 Gm. 
of muscle was crushed in this case, 0.65 per cent of the body weight). 
Tlie wound of the untreated animal show.s the amount of fluid present. 
The weight of the muscle crushed in this case was 56.0 Gm., 0.41 per 
cent of the body \veight. 

The local and systemic use of pencillin in the muscle-crushing type 
of sliock is being investigated at the present time, and the use of siflfa- 
merazine in other types of shock Avill be presented in future reports. 
The treatment of animals in shock twenty-four hours after trai;ma is 
also being investigated. 

CONCLUSIONS 

1. Sulfamerazine administered locally partially prevents shock in- 
duced by muscle crushing. 

2. Systemic administration of sulfamerazine immediately or six hours 
after operation is completely effective in preventing the occurrence of 
this type of shock. 

3. Systemic administration of sulfamerazine seventeen hours after 
operation is slightly effective. 

4. Systemic administration of sulfamerazine twenty-four hours after 
operation is ineffective. 

5. After systemic administration of sulfamerazine, the ischemic, 
crushed tissue contains a higher concentration than does the normal 
muscle of the same animal. 

6. If these results are applicable to human beings with crush injuries, 
treatment should be as follows: Following debridement, sulfamerazine 
should be administered both locally and systemically and the drag con- 
tinued for several daj^s in adequate amounts. 

7. The role of bacteria in shock due to muscle crushing is re-empha- 
sized, for fifty out of fifty-two untreated or inadequatelj'' treated ani- 
mals developed shock and the majority died, whereas none of fifty dogs" 
adequately treated by antibacterial agents developed shock. 
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THE RETENTION OP INTRAVENOUSLY INFUSED GELATIN 

OnSKRVATIOSS IN JIan** 

AlexjVndkr Bruksciiw’ig, jr.D., and Sabra Nichols, B.S., Chicago, III. 

(From the Department of Surgery, University of Chicago) 

TN RECENT ycnr.s parenteral injection of nitrogenoas nutriment has 
1 become feasible by virtue of the development of casein digests suit- 
able for intravenous injection. Evidence has also been presented in 
support of the view that protein molecules injected intravenously 
(homologous plasma proteins) might be utilized for nutrition. The 
use of “complete” foreign lu'oteins would not seem possible in view 
of their antigenic properties. However, eertain samples of gelatin 
have recently been found suitable for intravenous injection in that no 
immediate reactions were i^roduced (except in isolated instances and 
these were not serious), sensitization did not develop, and no late toxic 
effects were manifested.’' * Gelatin, however, is an incomplete protein 
in that it lacks a number of the essential amino acids. As the sole 
source of protein in the diet, it ivill not permit of normal growth an 

development of experimental animals. 

In view of the tolerance of human patients to repeated intravenous 
injections of gelatin, and evidence that some of it is metabolized, 
further studies were carried out in a series of twenty-three patients 
to determine how much of this material might be excreted in the 
under the usual conditions of inti'avenous clinical administration. This 
question is of obvious importance since if most of the injected materia 
is excreted unchanged in the urine, little opportunity for utilization 
will he afforded and further investigations of gelatin (and possibly 
other nonantigenic foreign proteins) as an intravenous nutriment wi 1 
hardly be worth while. 

methods 

Twenty-three patients with various conditions received one or re- 
peated daily intravenous injections of gelatin. In some instances the 
injections were made in the immediate postoperative period, and the 
studies carried out when the patient was receiving almost nothing by 
mouth. In others, the studies were carried out while the patient was 
partaking of the usual hospital diet. Where one injection was given 
urine was collected for at least seven days including, of course, the 
day of injection. Furthermore, 'urine was collected prior to injection 
for the control studies which will be discussed. Where several con- 
secutive daily injections were given, urine was eollecled after cessation 
of injections until no gelatin could be detected in them. 

^ ‘This study Tvas facilitated by a grant from the Edible Gelatin Manufacturers 
Research Society, New York, N. Y. 

Received for publication. May 17, 
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or less there were three who exeretcd the total amount injected. Each of 
these exliibited a pjTogcnic reaction following the injection and one of 
the patients had cirrhosis of the liver (Case 17). Of the three who 
retained small quantities, two had liver disease. It is suggested, there- 
fore, that in primary liver disease there is limited retention of injected 
gelatin. This might well be anticipated in view of the important role of 
the liver in protein metabolism. However, in otlier instances not re- 
ported in this study, primary liver disease was sometimes present when 
there was appreciable retention of injected gelatin. 

In Table II are summarized the results in six patients who received 
several consecutive dailj' injections. Tliere was appreciable retention 
in all of them, the average being 40.9 per cent of the gelatin injected. 
This agrees quite well with the results obtained in studies of single 
injections where, as stated previously, 43.1 per cent was retained. 


Table II 

Patiexts Who Eeceived Se%-eral Daily Injections 


PATIENT 

DIAGNOSIS 

NO. OP 
DAILY IN- 
JECTIONS 

GM. OP 
GELATIN 
INJECTED 

NO. OP 
DAYS 
URINE 
COL- 
LECTED 

CM. OP 
GEIJVTIN 
EXCRETED 

% OP 
GELATIN 

“re- 

tained” 

38. Oot. 

Carcinomatosis 

5 

330 

33 

80.9 


39. Is. 

Empvema 

8 

370.0 

14 

320.0 

28.4 

20. Tr. 

Carcinoma of colon 

5 

350 

11 

86.0 

42.4 

21. Ha. 

Cliolccy.stitis 

4 

231.7 

10 

325.8 


22. Di. 

Carcinomatosis 

8 

524.5 

10 

245.3 


23. Po. 

Peptic ulcer 

2 

330.7 

4 

74.5 





Average % retained 


40.9+ 


It is not to be inferred that these studies are regarded as final evidence 
to justify assumption that intravenous gelatin is a protein food. Evi- 
dence for appreciable utilization is not yet presented. Emphasis is here 
placed only on the fact that protein as gelatin may be administered to 
the organism and that there is retention of appreciable quantities of 
this substance. 

SUMMARY 

Evidence is presented to indicate that 40 to 43 per cent of gelatin in- 
jected intravenously in man as an 8 per cent solution in physiologic 
saline is retained in that only 60 to 57 per cent is recovered in the urine. 
The relative amount of gelatin retained is approximately the same 
M'hether one or eight daily injections are made. Thus, gelatin injected 
intravenously constitutes one method by which nitrogenous material may 
be administered to the organism. 
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INTESTINAL OBSTEUCTION 


I. The Protective Action ok Succixylsulfatiiiazole 
Following Simple Venous Occlusion* 

Stanley J. Sarnofk, and Edgar J. Potii, Pii.D., 

Galveston, Texas 

(From ihc Departments of Surgery, The Johns llophins University School of 
Medicine and The University of Texas Medical Branch ) 

T~'IIE problem of intestinal obstructions is an extremely complicated 
one with a large number of variables which cannot be easily con- 
trolled even in carefully planned experiments. The importance of the 
effects of pressure within the lumen of the bowel, and the blood supply 
to the involved segment, as Avell as the tn^es and virulence of organ- 
isms which are contained in the gut has long been recognized. It 
would, therefore, be highly desirable in an experimental study if these 
various factors could be separated and their individual effects evaluated. 

Succinylsulfathiazole^"^ has been shoivn to alter the bacterial flora 
of the intestinal tract in a significant manner both in dogs and human 
beings. It ivould be interesting, therefore, to observe ivhether or not 
an alteration of the bacterial flora umuld in any manner change the 
course following venous occlusion of a segment of boivel. 

For the purposes of this experiment, a preparation Avas made which, 
Avhile seldom reproduced clinically, is so simplified that it is hoped 
some of the complicating variables Avill be eliminated. Simple, com- 
plete venous occlusion to a segment of boAvel without obstruction of 
the lumen of the bowel was chosen as the preparation for study. This 
was accomplished by carefully isolating and doubly ligating all of the 
veins in the mesentery about halfivay betiveen the bowel and the root 
of the mesentery. Care urns taken not to injure the accompanying 
arteries. At either end of the selected segment the arteries and veins 
m the mesentery running parallel to the axis of the bowel ivere care- 
fully isolated, doubly clamped, dmded, and ligated. The avascular 
portion of the mesentery at these points ivas likewise diidded, well 
doAvn toward the root of the mesentery. When this procedure Avas 
carried out on a segment of ileum 50 cm. in length lying immediately 
proximal to the termination of the antimesentery artery of the termi- 
ual ileu m, no animals survived more than forty-fiA'^e hours (see Table I). 

by a grant from Sharp & Dohme. Philadelphia. Pa. 

MedSne"' Department of Surgery, the Johns Hopkins University School of 

Received for publication. May 8, 1944. 
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A loop of bowel so treated becomes cyanotic to assume a deep pur- 
plish discoloration within thirty minutes. The veins are markedly 
engorged and the arterial pulsations, Avhich are vigorous at first, be- 
come progressively less and finally disappear. The engorged segment 
of bowel becomes thickened and there is some bleeding into the lumen 
of the bowel. Beginning at the mesenteric border of the bowel and 
dissecting downward along the occluded veins to the level of the liga- 
tures, there is extravasation of blood into the mesentery, first notice- 
able about twenty minutes after the ligatures are applied. Proximal 
to this point the tissues are normal (Fig. 1). If the segment is ex- 
posed to the air, its temperature will have declined to within one de- 
gree of the temperature of the room within two and one-half hours. 



Fig: 1 — A loop of ileum 50 cm. In length is shown twenty minutes after ligation of 
the veins in the mesentery as well as the artery and vein which run parallel to the 
axis of the bowel at either end of the segment as indicated by the arrows. The 
ligatures have been cut long and can be identified The semnent of ileum has become 
cjanotic and suffused with blood The veins are distended. The extravasation of 
Diooa into the in\ol\ed mesenteiy has progressed sufficientlj to be MSible 


There will be no change of temperature in an adjoining uninvolved 
segment in the bowel which has been exposed in a similar manner. 
If at this time the involved segment is cut across, there is practically 
no bleeding and it is evident that there has been almost complete cessa- 
tion of blood flow to the segment. 

THE EXPERIMENTAL PROCEDURE 

Fifteen mongrel dogs were divided into two groups, one of eight 
controls and one of seven animals which received % Gm. per kilogram 
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Table I 


BOO 

AVEIOIIT 

IN KO. 

PKEOrr.n.ATiA’E 

SECCINYLSUr.rATmAZOI.E 

SUr.A'IAWL TIME 
(IIP..) 

1 

7.0 

Conf rol 

12 

O 

8.0 

Control 

34 

3 

7.5 

Control 

30 

4 

10.0 

Control 

35 

5 

10.0 

Control 

45 

6 

10.0 

Control 

37 

7 

12.0 

Control 

37 

s 

12.5 

Control 

35 

9 

G.5 

Gm./kg. for 10 days 
in the food 

Until sacrificed 
one mo. P.O. 

10 

9.0 

Gm./kg. for 10 days 
in the food 

48 

11 

C.O 

Gin./kg. for 10 days 
in the food 

Until sacrificed 
one mo. P.O. 

12 

12.0 

i/A Gm./kg. for 10 days 
bj' stomach tube 

24 

13 

11.0 

14 Gm./kg. for 10 days 

1 ) 3 ' stomach tube 

Until sacrificed 

50 da 3 ’s P.O. 

14 

10.0 

i/j Gin./kg. for 10 days 
by stomach tube 

Until sacrificed 

50 da 3 's P.O. 

15 

10.5 

14 Gm./kg. for 10 da 3 ’s 
b 5 ' stomach tube 

Until sacrificed 

60 da 3 's P.O. 


of body weiglit per day of suecinylsulfathiazole for ten days before 
operation, as indicated in Table I. Bacteriologie studies on the stools 
of the treated animals showed a significant lowering of the coliform 
bacteria as reported by Poth, Knotts, Lee, and Inui.- 

Under ether anesthesia and strict asepsis the veins of segments of 
ileum 50 cm. in length were ligated as indicated previously. The 
laparotomy wounds were then carefully closed. For the first forty- 
eight hours after operation water was given to the animals if they 
desired to drink, but food was withheld. 

During the first twenty-four hours after operation all of the animals 
appeared extremely ill, and it Avas impossible to predict which indi- 
vidual dog would survive. The control group of animals ordinarily 
had bloody stools. This observation was less frequent in animals 
which had received suecinylsulfathiazole therapy. 

All of the control animals and two of those recehdng preoperative 
suecinylsulfathiazole therapy died during the first forty-eight-hour 
postoperative period. Immediate autopsy shoAved all of these animals 
to have a purulent peritonitis Avith blood in the peritoneal cavity and a 
bloody fluid in the intestinal loop. All of the control animals showed 
gross perforations of the involved segment. The tAvo animals Avhich 
had been treated Avith suecinylsulfathiazole preoperath'^ely did not 
shoAv gross perforations of the ileum but at places only the serosa 
remained intact. The invoh’^ed segments Avere purplish-black, gan- 
grenous, and necrotic with large, jagged perforations measuring as 
much as 5 to 6 cm. 

The animals AA'hich surv^ed Avere sacrificed after thirty or fifty days. 
There Avere dense adhesions around the inAmlved segment of ileum 
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which had acquired a strildng collateral venous drainage. There veins 
were of three different sources; the most impor'.ant ones were those 
in the omentum and in the previously avascular portion of the mesen- 
tery. The third less important venous collateral developed in the 
adhesions with loops of normal boAvel. “When these adhesions Avere 
separated, considerable bleeding occurred. Otheiwise, this segment of 
boAvel could not be distinguished from adjoining loops of ileum. Peri- 
stalsis was present and there aa'os no evidence of dilatation or thicken- 
ing of this portion of the boAA'el. The only obseiwable change AA'as in 
the microscopic appearance of the specimens taken after one month 
at AA'hich time there Avas some fibrosis ui the muscularis. After fifty 
days, hoAveA'er, eA'en these microscopic changes had disappeared and 
the segments were indistinguishable from normal ileum, except for the 
presence of adhesions and flic atypical A-enous collaterals. 


DISCUSSIOX 

These tAvo groxips of experimental animals Avere subjected to iden- 
tical opei’ath'e procedures. One-half of the animals received succinyl- 
sulfathiazole for ten days during the preoperative period and again 
in the postoperative period beginning forty-eight hours after the oper- 
ation, continuing for a pex'iod of tAVo Aveeks. It is significant that 
within the first forty-eight hours after operation all the control ani- 
mals had succumbed. "When one considers the appearance of the seg- 
ment of boAA’el, both immediately and at the time of the animal’s death, it 
is inconceivable that merelj* altering the bacterial flora AA-ithin the boAA'el 
would result in survival of the animal and eventual restoration of the in- 
A-olved segment to an essentially normal appearance and physiologic func- 
tion. The fact that 70 per cent of the treated animals recoA'ered is cer- 
tainly significant and must indicate the profound effect the drug, suc- 
cinjdsulfathiazole, must have in altering the bacterial flora in the boAvel. 
It cannot, of course, be concluded that the beneficial effects obseiwed 
from the administration of succinAdsulfathiazole are due entirely to the 
alteration of the bacterial flora. "We do not, hOAA^ever, have any perti- 
nent CA’idence at this time that the difference in behavior of the ani- 
mals in the tA\-o groups is due to anything other than the alteration 
of the bacterial flora by this drug. 

In AueAA" of the extensiA'e damage to which these segments of boAvel 
are subjected, it is likely that, if indiA’iduals exposed to blast injuries 
could receive suecinylsulfathiazole prior to the trauma, the resulting 
late pei'forations AA'ould not occur. 

These studies are being extended in an attempt to detei’mine the 
mechanism by AA'hich injury occurs iji the control animals as aa’^cII as 
how this process is altered by the administration of succinylsulfathi- 
zole and phthalylsuliathiazole.®"' 
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The ligation of the venous return from segments of ileum 50 cm. in 
length is always lethal. When tlic experimental animals liaA'e received 
therapeutic closes of suecinylsulfalhiazole, 70 per cent of the treated 
animals live indefinitely. The immediate and late changes oeeurring 
in segments of ileum in treated and untreated animals are described. 
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THE APPLICATION OF SUCCINYLSULFATHIAZOLE AND 
PHTHALYLSULFATIIIAZOLE TO GRANULATION 
TISSUE: ABSORPTION AND EXCRETION'' 

Edgar J. Poth, ]\I.D., Ph.D., a>:d Charles A. Ross, M.S., 

GaLVESTOX, TeXjVS 

(From tjie Department of Surgery, the University of Texas Medical Branch) 

T he interesting property of sueeinj^lsulfathiazole of poor absorba- 
bility from the alimentary tract described by Poth, Knotts, Lee, 
and Inui in 1942^ ^vould natnrall}’- bring this compound under investi- 
gation in a search for a drug suited for topical application -without 
general systemic effects. Although it has been shown that succinyl- 
sulfathiazole (Sulfasuxidine) is rapidly absorbed from peritoneal sur- 
faces and from intramuscular and subcutaneous spaces, reports of 
slight absorption of sulfasuxidine from wounds and gi’anulating sur- 
faces have appeared.^’ ® Pulvertaft and IMaclcenzie® make the claim 
from observed data that sulfasuxidine is split to yield sulfathiazole 
by the action of bacteria and plasma. Potli and Knotts" showed that 
sulfasuxidine is altered to yield a free sulfonamide when suspended in 
an emulsion of feces at 37° C. 

In a recent editorial by Tennison^ a degree of nonabsoi’bability of 
sulfasuxidine from granulating surfaces is claimed which does not 
conform with our observations. Tennison reports that when as much 
as 25 Gm. of sulfasuxidine is applied to raw surfaces caused by burns 
which involved as much as 45 per cent of the body surface there is no 
measurable absorption of the drug. In order to re-emphasize the 
limited absorption of sulfasuxidine from the gastrointestinal tract in 
contradistinction to the rapidity with Avhich the drug is absorbed from 
subcutaneous and intramuscular spaces and from granulating surfaces 
this report is submitted. 

experimental observations on the rate of absorption of 

SULPASUXIDINEt AND SULFATHALIDINEf FROJI GRANULATING SURFACES 

"Weighed quantities of sulfasuxidine and sulfathalidine'^’ ® Avere poAv- 
dered on measured areas of granulating surfaces and covered AUth 
either fine meshed, petrolatum gauze or a sheet of thin rubber tissue. 
Blood specimens Avere taken at 30-minnte, 1-, 2-, 3-, 4-, 8-, 20-, 48- and 
72-hour interAmls and analyzed for both the free and conjugated forms 

•Supported by a grant from Sharp & Dohme. Philaclelphfa, Pa. 

t Sulfasuxidine and Sulfathalidine are proprietary names for sucoinylsulfathiazole 
and phthalylsulfathiazole registered by Sharp & Dohme, Phiiadelphia, Pa. 

Received for publication, April 13, 1944. 
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Tabu: I 


The Rate op ABSora>TioK or SucciKyLSUEFATjnAZOEn and PHTnAi-YLsuEPATUiAzoLE 
From Guanuuvtino Sorpacks and Tjieir Excretion in the Urine* 


CONCENTR.\TiON OP DUUO IN Di.OOD 

MO. I'ER 100 C.C. 

urinary excretion 

OP DRUO IN QM. 

UODR 

suhPATiuAzoLE 

SUEPATillAZOhE 

SOCCINTL- 

SUEFATmAZOEE 

10 Gm. SuccinylsulfaUtiacolCti Pctrolatwn Gavzc Bandage 

4 

0.0 

• 2.9 



S 

0.0 

0.0 



12 

0.0 

0.0 



24 

0.0 

0.2 

0.0291 

4.1261 

4S 

o.s 

0.2 

0.0591 

0.2321 

72 

1.1 

0.0 

0.0511 

0.0491 


Total urinari' excretion 

0.13S 

4.407 


Percentage of drug excreted 40.0% 


10 Gm. 

SuccinylsulfathiazolCfi Bubher Bandage 


Vi 

1.3 

1.9 



1 

0.9 

4.1 



2 

0.3 

5.9 



3 

0.9 

3.4 



4 

0.0 

2.8 

0.0151 

2.4261 

S 

0.3 

1.0 

0.02S1 

1.4561 

24 

0.0 

0.7 

0.0161 

0.4101 

48 



0.0001 

0.0521 


Total urinarj' e.vcretion 

0.059 

4.344 


Percentage of drug e.xcreted 44.3% 


10 Gm. 

Phthalylsulfaihiazole,^ Bnhber Bandage 


% 

1.9 

3.8 




1.0 

10.6 




1.0 

13.8 




0.9 

5.9 



4 



0.0091 

0.4631 

m 

0.3 

2.8 



8 



0.0871 

2.8991 

24 

0.1 

0.0 

0.0441 

1.3241 

48 

0.0 

0.2 

0.0421 

0.0411 


Total urinary excretion 0.182 4.727 

Percentage of drug excreted 49.9% 


•Since the .■ to the wound contained 4.22 per cent of 

suUathiazoIe : ; .j i!.'. contained 5.2 per c ‘ ^ *’ = r’- it 

IS evident fron- <!:■ fivi- iree and conjuffated ■ . in 

’■*1® nrine that neitiier of these drugs is appreciably hydrolyzet ■ ■ ■ ice 

2i.“® wound or during- their passage through the patient. Area of granulations: 
oiU sq, cm. 

tThis sample of succinylsulfathiazole contained 4,22 per cent of free sulfathiazole. 

^Quantity of drug excreted in urine for the time interval indicated: that is, first 
4 hours, 4 to 8 hours, 8 to 24 hours, etc. 

SThis sample of phthalylsulfathiazole contained 5.2 per cent of free sulfathiazole. 

of the drug. Four-hour specimens of urine were collected for the same 
period and analyzed for the free and conjugated forms of the com- 
pounds. After 72 hours the dressings were removed and leached out 
with water. The ratio of free to conjugated drug in these washings 
was determined. 

The following is a sample of a charactei’istic observation : 

H-S., a 15-ycar-old male, had both legs burned eleven months pre-viously. At 
present the granulating surfaces have a combined area of 870 sq. cm. and repre- 
sent roughly 10 per cent of the total body surface. On successive weeks 10 Gm. 
of either sulfasuxidine or sulfathalidine were dusted onto the areas and coi-ered 
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Fig. 1. — Absorption and excretion of succinylsultathlazole applied to a granulating 
surface. The concentration of the drug in the blood is at its maximum in two hours 
and falls rapidly within eight hours. Thirty-eight per cent of the drug applied to the 
granulating surface is excreted in the urine within the first eight hours. After this 
period the concentration of total drug in the blood is insignificant. (See Table I.) 



Fig, 2. — Absorption and excretion of phthalylsuTfathiazole applied to a granulating 
surface. The concentration of the drug rises to a surprisingly high level within the 
first two and one-half hours and drops equally as rapidly thereafter. Thirty-five per 
cent of the drug applied to the granulating surface is excreted in the urine -mthin 
the first eight hours. After this interval the concentration of total drug in the blooa 
is insignificant. (See Table I.) 
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by thin rubber tissue or jietroltitum K“uze. Spcciniens were tnken ns previously 
described with the results ns indiented iu Table T and Figs. ] and 2. Table II 
shows the observed blood concenlratioas and the excretion of the drug in the 
urine when 20 (Ini, of succiuylsuifnthinzole were applied to the same surface daily 
and in this instance were covered by petrolatum gauze. 

The bandage.s were removed after seventy-two hours and analyzed for residual 
drug. In the ease of the succinylsulfathiazoie the analysis showed 0.8 per cent 
of free drug, while for phthalylsulfnthinzole 5.8 jier cent of the drug was pre.sent 
as the free compound. These data indicate tlint the conjugated drugs have not 
been hydrolyzed on the dressings or while in contact with the granulating surfaces. 


Tabi,!; 11 

The Absoki'tion' ok Succi.vyi.suekathiazoi.k Feo.w a Gkaxui.ating Surface anh 

Ttc EXrKK.TIO.V J.V THE UltlNE* 


COXOENTn,\T10X OK PHUO 
MG. rr.u 100 c.( 

IK nT,OOI>( 

VRI.KAKY r,.VCRETION OF BRUG 

GM. PER 24 HR. 

BAY 

SUBKATHIAZOEE 

SUCCIXYI,- 

SUr.rATHIAZOLK 

SUI.FATHIAZOEE 

SUCCINYL- 

SULFATHIAZOEE 

1 


0 

0.04C 

2.194 

2 

0.9 



7.478 

3 

1.3 

0 

0.178 

3.791 

4 


3.S 


5.C96 

0 


0.2 

0.079 

4.225 

(J 

1.4 



1.713 

7 

1.3 



3.133 


*The succinj'lsutfatliiazole applied contained 4.22 per cent of free sulfathiazole. 
Area of granulations : 870 sq. cm. Dally application : 20 Gm, succinylsulfathlazole. 
tSpeclmens taken 20 hr. after application of drug to the granulating surfaces. 


DISCUSSION 

These studie.s demonstrate that siicoinylsulfathiazole and phthalyl- 
sulfathiazole are readily and rapidly absorbed from granulating surfaces 
although these compounds are but sparingly absorbed through the mu- 
cous membrane of the gastiointestinal tract. Eonghly 50 per cent of 
the applied drugs are excreted in the urine within twenty-four hours 
udth the major portion being absorbed from a granulating surface within 
the initial eiglit-hour period. After the first twenty-four hours, little 
drug appears in the urine, because the excess has either soaked into the 
dressing or has been otherwise carried from* contact ivith the granula- 
tions. Tlie low blood concentrations and the rapidity ivith which these 
drags are excreted in the urine re-emphasizes our previous observations 
on the rapidity wdth which the compounds are excreted by the kidneys. 
Observations made on the concenti'ation of the drugs in the blood alone 
do not indicate the degree and rapidity of absoi-ption of these substances, 
fn order to obtain a correct interpretation of absorption data, it is neces- 
sary to supplant such studies by determining the quantities of the free 
and conjugated forms of a drug excreted in the urine. 

There is little reason to expect these compounds to be of great value 
m the local treatment of infected granulating siu'faces. It has been 
shovai that these compounds have but slight in \atro bacteriostatic ac- 
tivity. The ratio of the free and conjugated forms of the drugs excreted 
in the urine and found as a residue on the dressings indicates that little 
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of the compounds is split either bj’’ the bacteria present on the wounds 
studied or by the passage of the drugs through the body. Furthermore, 
since occasional toxic manifestations have been observed even when 
these compounds are administered orally with only slight absorption, it 
cannot be assumed with safety that these compounds can be used on 
granulating surfaces without considerable danger of occasional un- 
toward systemic reactions. 

An estimation of the value derived from the topical application of a 
substance to an infected granulating sui’face is diffieult because of the 
many uncontrollable factors. We do not feel that any of the sulfon- 
amide drugs can be recommended for topical use in treating infections 
such as occur on granulating surfaces, due to the fact that there are not 
sufficient data supporting their value, and the sulfonamides tend to in- 
crease scar and keloid formation. Furthermox’e, it is impossible to con- 
trol the quantity of drug absorbed, and dangerously high blood levels 
occur rather frequently. Finallj’’, the patient may become sensitized to 
the sulfonamide drugs and preclude their future use when the indica- 
tions are more specific. 

CONCLUSION 

Both succinylsulfathiazole and phthalylsulfathiazole are rapidly ab- 
sorbed when applied to granulation tissue. Urinary excretion studies 
indicate that these drugs are completely absorbed from granulating sur- 
faces xvithin twenty-four hours after application. 

It cannot, therefore, be assumed that untoward reactions will not oc- 
cur folloAving the application of sulfasuxidine or sulfathalidine to granu- 
lating wounds, and their topical use is not recommended. 
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A JIKTITOD FOR TIIF LOCAL AD]\IINISTRATION 
OF PENICILLIN 

Colonial, I^lliott C. Cuti.er akd JIa.ior William R. Sandusky, 
jMedical Coups, U. S. Army 

(From the Frafesmonal Services Division, Office of the Chief Surgeon, 

F..T.O., TJ. S. Army) 

T he purpose of this paper is to roporl a new metliof! for the local 
administration of penicillin. The weight and volume of penicillin 
in relation to the effective dose is exceedingly small. This fact makes 
essential the use of some diluting .substance, or vehicle, if uniform dis- 
tribution to all parts of the local surface arc to be attained. 

The usual method of local application and the one used in the ma- 
joritj’- of instances in a group of casualties treated at U. S. Army 
station hospitals in the United Kingdom has been to dissolve the so- 
dium salt of penicillin in sterile physiologic saline solution in amounts 
of 1,000 units per cubic centimeter. This solution is sprayed on the 
wound by means of an ordinary liquid atomizer. This has proved 
unsatisfactory because much of the solution runs off the surface and 
the amount retained in the wound is never accurately known. Many 
of the possible diy A^eliicles are undesirable because (1) they react 
unfavorably with penicillin, (2) they are not absorbable, and (3) they 
ai'e chemotherapeutic agents themselves. Ointments are equally objec- 
tionable, iiarticularly if primarj'' closure of the wound is planned. 

To overcome some of these objections we have used dehydrated hu- 
man plasma as a vehicle for several months. 

Under sterile conditions the sodium salt of penicillin is mixed with 
commercially prepared dehydrated plasma. From 10,000 to 20,000 
units of penicillin to 0.2 Gm. of plasma is a desirable proportion ; how- 
ever, this ratio can be varied to fit the particular need. The plasma 
tends to be lumpy, but gentle stirring reduces it to a light fluffy powdei . 
Penicillin is added, and after gentle stirring, a homogenous mixture is 
obtained. As plasma is used almost daily in our hospitals, we suggest, 
to avoid wastage, that the portion of plasma not mixed with the peni- 
cillin be used immediately for intravenous therapy. 

Uniform distribution of this mixture on the wound surface is accom- 
plished by means of a powder insufflator. A satisfactory inexpensive 
insufflator can be constructed from standard medical supply items 
(see Pi g. 1). 

Receh’ed for publication. May 29, 1944. 
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'When sprayed on a wound surface, the penicillin-plasma mixture 
immediately goes into solution and the tissues assume a yellow color. 
Complete hemostasis must be attained before insufflation; otherwise 
the mixture will be washed off at once. We have observed that 0.2 Gm. 
of plasma is sufficient for fine frosting of a surface 100 sq. cm. in area. 



Pig. 1. — A poTTcler insufflator constructed with materiai.s obtained fiom U. S. Army 
medical suppiy items: A (44580), (j mm. glass tubing: Z> (44200), two-hole rubber 
stopper: C (40830), sputum bottle; D (77023), rubber bulb hand atomizer. 

Laboratory studies show no reduction in potency when penicillin is 
mixed with plasma. An admixture containing 5 units of penicillin and 
0.05 Gm. of ]Dlasma Avas placed in a cylinder on an agar pour plate 
seeded Avith 1 c.c. of a lAi'cnty-four-hour culture of a test staphylococcus. 
After overnight incubation a zone of inliibition to bacterial groAA’th 
31 mm. in diameter Avas noted. Another mixture in the same propor- 
tion Avas prepared and refrigerated for ten days. The area of the 
zone of inhibition Avas essentially the same. 

Experience Avith this method of local i^enicillin therapy at a station 
hospital has demonstrated its superiority over preA’ious methods used. 
HoAvever, the preparation of the mixture as described here is time- 
consuming and is not practical for general use. Therefore, to obtain 
a product AAfflieh can be readily and conveniently used it is suggested 
that penicillin be dissohmd in liquid plasma and the resulting solution 
be dehydrated and distributed in appropriate sterile containers. 



PHIMARY CARCIN0:\1A OF TIIIRJ) PORTJON OF DUODENUiM 

Thomas A. Shau.ow, JLl)., Shhhman' A. Egkr, Jf.U., axo 
.Iamics B. Cautv, PniivAOKiAniiA, Pa. 

(J'rovi thr fiamwl I), firow Surfjtcol nivision of the Jefferson Medical 

Colhflc Jlospilnl) 

P RI]\[ARY «irc‘inoiii!i of (lie s'lii.'ill inlo.sdiie i.s n eompiiralivel.v rare 
lesion and extremely .so in (lie third jiortion of the duodenum. Since 
an opportunity .seldom arises for radical resection of sueli a lesion, there 
being only twelve uiuiuostionahle cases reported, the following case is 
described in which a new oiierative procedure was suece.ssfully employed, 
its advantages discussed, and details of the otlier resected cases tabulated. 

CASE REl’OUT 

History. — A (iS-ypar-oId wliite mail was adiiiittei! to tlie Jeffor.son Meilical College 
Ho.spital, July 27, on tlie medical service of Dr. Hobart A. Reimanu. This 

patient had been in c.wellent health until one year prior to admission to the hos- 
pital, when epigastric fullness occurred about one-iiulf to one hour after meals, 
and remained for several hoiir.s unless relicvcil by belching. No alkalies were taken. 
No particular type of food brought on an attack, which occurred every four to six 
weeks at the onset hut gradualb' increased in frequency and severity. Between at- 
tacks he was entircl)' symptom-free. For two weeks prior to admission epigastric 
distress and fullness were constant, and weie relieved only by vomiting. The vom- 
itus was bile stained and contained pai tides of food ingested several meals pre- 
viously but never any blood. Stools diminished in amount but otherwise were 
normal. There was twenty pounds lo.ss in rveight during the last six months, and 
most of this in the last two weeks. His past medical and family histoiy were 
negative for ulcer or malignancy. 

Physical Examination. — Abnormal findings consisted of mild dehydration, mod- 
erate epigastric distention, and a deep, firm, fixed, nontender mass two inclies in 
diameter just above the umbilicus. 

Laboratory Data. — The blood count showed hemoglobin 73 per cent, red cells 
3, -130,000, color index 3.07, and white cells 5,600 with a normal differential. 

The gastric contents contained a residual total acidity of 25 and free hydrochloric 
acid of 20 ; after a test meal these figures gradually rose to a maximum of 48 and 
27, respectively, in the sixth specimen. There was bile present in all the specimens, 
hut blood and lactic acid were ab.seut. 

Urine examination was normal. The Wassermaun and Kahn reactions of the 
blood serum were negative. The sedimentation rate was 24 mm. in one hour. 

Eoentgenographie study of the gastrointestinal tract (by Dr. Paul C. Swenson) 
showed almost complete obstruction at the beginning of the ascending loop of the 
duodenum. Flasli roentgenograms (Figs. 1 and 2) did not demonstrate the outline 
of the tumor because the associated spasm and reverse peristalsis instantly returned 
the barium to the second portion. A re-examination following a period of gastric 
lavages revealed better tone to the stomach wall and less dilatation. There was 
again almost complete obstiuctiou at the beginning of the ascending loop of the 
duodenum, behind which the barium puddled and the duodenum was dilated. Enough 

Received for publication. June 3. 1944. 
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Fig. 1. — ^Roentgenogram follor\lng barium meal showing obstruction In the third 

portion of the duodenum 




sriAU.ow i:t al.: cahcinojia or duodenum 
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barium could not be forced llirough tbo constriction at any time to allow for good 
contours. The diagnosis made was a legion in the thiul portion of the duodenum, 
probably due to a malignancy, either pnmary or sccondaiy. 

Operation . — After the patient was transferred to the surgical scr\icc operation 
was performed Aug. 4, 19i3. The abdomen was opened Ihrougli an upper right 



Flp. 3. — Anatomic relationship of tumor represented dla&ramraatlcally. Lines A and 

B are sites of resection 



4.— ^hird portion of duodenum and duodenojejunal angle mobilized prior to 
duodei^’ejimo^ second portion of duodenum represents site for side-to-side 

rectus incision under spinal anesthesia. A tumor was found involving the posteio- 
supenor wall of the third portion of the duodenum beneath the superior mesenteric 
vessels (Ihg. S). The adjacent retroperitoneal tissue was indurated, but there was 
no evidence of extension of the growth or metastasis. The entire third portion of 
the duodenum was mobilized and resected (Fig. 4). The free ends of the bowel 
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wore clowd. An aiifcpolic diioilanojejunostonij- (Fig. 5) was perforraod in a side- 
to-sido manner anastomosing llie jejunum, about ton inches from the ligament of 
Treitz, to the second portion of the dumiennm, just distal to the ampulla of Vatcr. 
The suture line of the closed duodenal stump was reinforced by anchoring it to the 
posterior surface of the jejunum just distal to the anastomosis. The jejunal stump 
was reattached to the ligjunent of Treitz leaving the proximal jejunum available for 
a gastroenterostomy should the duodenojejunostomy stoma have proved inadequate. 
The abdomen was closed without drainage. The operating time was one hour and 
fifty minutes. The patient was discharged from the ho.spital .Sept. IS, 194o. 



7. — Opened specimen of ulcerative adenocarcinoma of tiiird portion of the duo- 
denum. 


Pat)ioTogio Beport. — The removed segment of duodenum contained a central pene- 
trating ulcer 2 cm. in diameter (Pig. 7). In sections through the ulcer base, the 
epithelium was irregular and nonsecreting, arranged in small cords and acini (Fig. 
8). The cells showed marked hjqrerehromatism and a few mitotic figures. They 
infiltrated the entire submuscularis mucosa, submucosa, and a portion of the muscle 
layers. The supporting connective tissue was very scant, containing some plasma 
cells and lymphocytes. The diagnosis was primary ulcerative adenocarcinoma of the 
duodenum. 

FoUow-Vp . — At the present time (nine months after operation) the patient is 
symptom-free, has gained thirty pounds in weight, and x-ray examination following 
a barium meal reveals no abnormality (Fig. 6). 

We have been able to collect from tlie tvorld literature reiiorts of 
only tAvelve unquestionable eases of primary carcinoma of the tliird por- 



944 


SURGERY 


tion of the duodenum in which resection was done. The third or inferior 
portion consists of both the horizontal and ascending segments, terminat- 
ing at the duodenojejunal flexure. The cases reported by Allen, ^ Mal- 
lory,^^ Markus,^- and ]\Iuller’^ are omitted because the growth was either 
not primaiy in the third portion of the duodenum or questionable as to 
its location. 



mg’. 8. — rhotomlcrograph of section through ulcer base of tumor (X37.5). 


In Table I are listed the twelve collected cases and our ease. It will 
be noted that there are five end-to-end anastomoses, three side-to-side, 
two end-to-side, one side-to-end, and one complete duodenectomy. The 
jejunum was stated to have been brought through the transverse meso- 
eolon posterior to the superior mesenteric vessels in two cases and an- 
terior in one. Two complementary gastroenterostomies were performed, 
one preliminary to a complete duodenectomy and the other in addition 
to an end-to-side duodenojejunostomy. The operative mortality was 17 
per cent. 

In our case a different operation was employed in which an ante- 
colic side-to-side duodenojejunostomy was performed leaving a proxi- 
mal jejunal loop. This procedure (Fig. 5) has the following ad- 
vantages: 

1. The anastomosis is safer for it is performed where the 
duodenum has a peritoneal covering. 
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2. The closed duodenal stump is reinforced by being buried 
in the undersurface of the distal jejunal loop. 

3. lYitli the anastomosis side-to-.side the angles can be uell 
foi'tified and the size of the stoma regulated without encroach- 
ing on the common bile duct, ampulla of Vater, or the blood 
supply of the remaining duodenum. 

4. 'With the jejunum anteeolic, obstruction from pressure by 
the superior mesenteric ve.ssels and from the passage through 
the transverse mesocolon is avoided. 

5. A proximal jejunal loop is provided for a gastrojejunos- 
tomy should the duodenojejunostomy stoma be inadequate. 


SUMM.VRY .\XD COXCnU.SIOXS 

A new operation is descril)ed and illastrated for re-establishing bowel 
continuity following rc.seetion of tlie third portion of the duodenum for 
primary carcinoma and its advantages are enumerated. We believe this 
method to be safer, simpler, and less time-consuming than those pre- 
viously reported. 
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SPONTANEOUS VENTRAL HERNIA 

Rki’Okt or A Casi.; 


EdWAKO WoLIVKl!. Jl.])., AND ClIARLKS jM. ScOTT. H.I). 

(’iN'axxATi, Ohio 

(I'roin (hr Briuirtmi n( of Xi/rr/rn/, Collnir of Mcdtriuc, Umvirgity of Cairutnati, and 
(hr Ciiiriiiiiad Gtixral Hospital) 

\ 7 EXTRA L lie mins nre jirojmsioiis of llie nhdoininal vi.scorn tl)roii<>-l! 
V the anterolateral alKloiniiial wall oeciirriii<> at points other than 
the inguinal, femoral, and umbilical openings. The.v may lie of traii- 
inatic (including postoperative) or spontaneous origin. Those of spon- 
taneous origin are le.ss common and may arise in the linea alba, lumbar 
region, and .semilunar line (Spiegel’s hernia'). Recently Zimmerman 
and co-workers’ have .suggested another tyjie of sj)ontanoous ventral 
hernia, produced by a “banding” of the fibers of the internal oblique 
and transYcrsalis muscles. This paper is concerned with the latter 
t.vpe of hernia and a case recently encountered is reported. 

CASE REPO)RT 

H.G. (Xo. 193246), a 54- year-old wliite, married, nulliparous female, was ad- 
mitted to the Cincinnati General Ilospital April 30, 1944, with a history of inter- 
mittent left lower abdominal pain for several years, with increasing constipation 
for over a year. On April 23, she had an attack of left lower abdominal pain 
relieved br- catharsis. On April 27, the pain recurred but was not relieved by a 
cathartic. She began to have severe cramping pains on the loft side which spread 
over the entire abdomen. In addition, she noted the presence of a mass in the left 
lower abdomen which had appeared, likewise, during previous attacks of pain. 
There was no history of loss of weight, abnormal stools, or digestive difficulties. 
The remainder of the history was negative e.vcept for a persistent skin rash over 
the right arm. On admission the temperature was 100.4° F.; pulse, 88; respira- 
tions, 20; and blood pressure, 170/100. The white blood count was 14,500; hemo- 
globin, 14.5 Gm. per cent; and urine, negative. Examination revealed an obese, 
acutely ill, white female lying flat in bed but becoming very restless during 
paroxyms of pain. Positive findings were limited to the abdomen which was very 
obese, distended, and diffusely tender. There was an ill-defmed tender mass in 
the left lower quadrant measuring about 10 cm. in diameter. Peristalsis was 
audible, synchronous with pain; however, the abdomen was quiet between parox- 
ysms. No impulse on coughing could be felt over the inguinal and femoral rings. 

The patient was given nothing by mouth and received an enema which was 
not productive of feces or flatus. Parenteral fluids were administered. X-rays of 
the abdomen were interpreted as exhibiting paralytic ileus. The proctoscopic ex- 
amination and barium enema were negative. Morphine, gr. 14, was given prior to 
these examinations, and on the patient’s return to the ward from the x-iay de- 
partment her abdomen was much more relaxed. On further examination it be- 
came apparent that the mass was within tire abdominal wall. It was believed 
that the patient had an incarcerated hernia which was interparietal. The patient 
had been under continuous observation for twelve hours, and it was only through 
this continued observation that the diagnosis of hernia was established. At oper- 
ation an interparietal hernia was found lying between the external and internal 
oblique muscles and containing incarcerated omentum. The neck of the sac was 
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located just above and lateral to the internal inguinal ring in a defect of the 
internal oblique and transversalis muscles. The adhesions between the omentum 
and sac were freed. The omentum was reduced, the sac was ligated as high as 
possible, and the excess portion excised. The wound was closed in laj'ers with 
silk, imbricating the external oblique aponeurosis in two layers. The postopera- 
tive course was uneventful and the patient was discharged on the seventeenth 
postoperative daj*. 



Fiff. 1. — ^Diagrammatic sketch illustrating site of defect and position of hernia sac. 


DISCUSSION 

A confusion of classification has been found to exist among the group 
of ventral hernias. Interstitial hernias arising from defects above and 
lateral to the internal inguinal ring (as in the reported case) have 
been included previously in the group of interparietal inguinal hernias. 
Lower and Hicken,^ in 1931, discussed the interparietal hernias of the 
inguinal region and presented two case reports. In each instance the 
sac did not communicate with the internal ring but arose from a defect 
above and lateral to the internal ring. Kronlein,^ in 1876, referred to 
such a case as a “ parainguinal interstitial hernia.” It is our impres- 
sion that such hernias differ from the group of true interparietal her- 
nias and are more correctly classified as spontaneous ventral hernias. 
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Other differences exist between the two types. The sac of the true 
interparietal liernia is frequently multilocular, whereas in the sponta- 
neous lateral ventral hernia the sac is usually unilocular. The former 
tjqje of hernia is more frequent in the male, often being associated 
with an undcscended testicle. This is not true of the latter type of 
hernia. Both Ijiies of hernias are similar in that the sac is located 
between the parielcs, the contents frequently being incarcerated and 
strangulated. The diagnosis is, as a rule, difficult, and may be deferred 
until determined at the oiierating or autopsy room. Clinically the pa- 
tient may complain of abdominal pain associated with an abdominal 
mass. In an obese patient it may be difficult to determine whether the 
mass is intraperitoneal or within the abdominal wall. There may be 
findings suggestive of intestinal obstruction requiring diagnostic sig- 
moidoscopic and barium enema studies. Incarcerated and strangulated 
omentum or bowel frequently are found in the sac. Other hernias may 
also be present. Zimmerman and associates^ have recently presented 
a new concept concerning the pathogenesis of this type of hernia, re- 
porting three such cases eneountei'ed at operation. They stressed the 
importance of the occurrence of defects due to banding of the trans- 
versalis and internal oblique muscles. These authors studied 500 body 
halves and discovered deficiencies which could permit of parietal her- 
niation in 109 (21.8 per cent). These deficiencies consisted of slitlike 
gaps between divergent bundles of fiber. In some instances actual 
preperitoneal fat herniations were present. An additional congenital 
anatomic predisposition to hernia was suggested to us in our case. 
Mg. 1 illustrates how the ilioinguinal nerve emerged through the in- 
ternal oblique muscle at the lateral angle of the defect. Examination 
of several cadavers revealed that this nerve, the iliohypogastric nerve, 
and the deep circumflex iliac artery perforate the internal oblique mus- 
cle at the site where such hernias usually occur and may predispose 
to the weakness. 

The treatment, once the diagnosis has been established, is surgical. 
The interparietal position of the mass may confuse the operator until 
the external oblique aponeurosis is opened. The contents of the sac 
should be reduced or resected as is indicated and the sac ligated as 
high as possible. The parietal defect may be closed with sutures and 
the repair reinforced by imbricating the external oblique aponeurosis 
over the site of the defect. 


SUMMARY 

A ease of spontaneous ventral hernia is reported. The etiological 
and clinical characteristics of this type of hernia are discussed. 
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CONGENITAL EVENTRATION AT THE IBIBILICUS 
Alfred H. Iasox, SI.D.,* Brooklyn, N. Y. 

DEFINITION 

T he condition which is nsnally denominated a “congenital umbilical 
hernia," is an eventration contiguous to, or in, the umbilicus. About 
300 3 'ears ago P. RjlscIi (Ohscrvafionum (inatomico-chirnrgicarum, 1691) 
was the first to point out that “no hernia can be called umbilical before 
the umbilicus exists." The hernial contents were never in the abdom- 
inal cavitj^; they remained outside from the beginning of embryonal 
life and, consequentlj", prevented the formation of an umbilicus. 

SYNONYJIS 

The protrusive malformation at the umbilicus has been varioush^ 
named congenital umbilical heimia, exomphalocele, omphalocele con- 
genitalis, hernia funiculi umbilieali.s, ectopia viseerum, amniotic hernia, 
or amniotic umbilicus. • 


INCIDENCE 

The congenital condition has an equal incidence in the sexes. It 
occurs in about one birth in 10,000. 

A complete exomphalos is one in which the physiologic hernia into 
the celomic root of the umbilical cord, owing to the failure of closure 
of the ventral abdominal wall, persists until birth or shortlj’’ there- 
after. (When onlj^ the abdominal wall is involved, the condition is 
termed gastrosehisis completa.) 

PATHOLOGIC ANATOSIY 

The dilated root of the cord serves as the hernial sac (there is no 
true sac) which appears as a translucent membrane; the “neck" of 
this sac is encompassed bj' true skin definitely outlined, and the 
“fundus" is covered by the irregular network of blood vessels which 
combine to foi'm the umbilical cord. (Cruveilhier first pointed out 
that a congenital umbilical hernia is characterized by the absence of 
a peritoneal sac.) 

A disproportion in size between the viscera and the abdominal cavity 
may result in the condition where a viscus or viscera may remain 
extra-abdominal and at the base of the umbilical cord. The deciding 
factor is usuallj^ a failure of proper development of the abdominal 
waU. (See Pig. 1.) 

•Attenaing Surgeon, Adelphi Hospital; Director of Surgery, Brooklyn Home for 
the Aged. 
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A congenital defect remains at the umbilicus, either u'hen the mid- 
gut fails to return to the abdominal cavity in (he tenth veek of intra- 
uterine life, or Avhen, though it has returned, the extracelomic pouch 
of peritoneum fails to close. The failure may be of any degree. (See 
Fig. 2.) 

In some cases the proti-usion is ruptured during delivery and the 
infant is born eviscerated. When tliis does not occur, the abdominal 
wall appears to be replaced by a grayish tran.sluccnt dome and the 
viscera can be seen through it, the cord being attached to the summit. 





Fig^ 3 — Child 1 hr. old with congenital hernia into cord. 


The displaced abdominal wall is to be found in the flanks contiguous 
to the protrusion. The junction betAveen the abdomen proper and the 
exomphalic mass is distinctive in that there is an abrupt transition 
from pink skin to Wharton’s jelly. The coverings of the mass are 
amnion, Wharton’s jelly, and extracelomic peritoneum. (See Fig. 3.) 

The sac is usually about 7 cm. in diameter, but may be as small as 
2 cm., and the defect in the fascia varies from 5 to 8 cm. in diameter. 
The contents are small intestine and proximal colon with the addition. 
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ill many inslunces, of Uic greater part of the liver and stomach and 
pelvic colon. Associated anomalies may be ])resent, such as harelip, 
imdescended testes, and clubfeet. 

SVMnTOM.S 

A newborn infant with a complete cxomphalos survives only a few 
hours. What is immediately obvious is the fact that the navel or 
umbilical cord is absent and in place thereof is a wide, central, funnel- 
shaped defect which is covered by translucent tissue of grayish hue, 
through whieh the viscera and accompanying structures are seen to 
project into the dilated root of the umbilical cord. 



Pig-. 4. — Closure of sac after reduction of contents (local anesthesia). 

Although translucent and moist at birth, dehydration soon ensues 
and the sac becomes dry and friable, frequently tearing on manipula- 
tion. Should evisceration then occur, shock and death will be the 
inevitable result. 

Eventration of less degree takes a variable form. The defect may 
consist in the mere thickening of the umbilical cord or in an obvious 
protrusion of intestinal content. 
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DI \GXOSIS 

There is a protrusive mass in the umbilical cord, with a grayish, 
translucent veil, beneath which the adumbrated viscera are enclosed. 

TRL'ATSinXr 

In complete exomphalos treatment is obviously of no avail. 

A small herniation into the umbilical cord is frequently curable in 
the newborn infant by means of a retaining apparatus, that is, adhe- 
.sive plaster strappiiig containing an enclosed small button oi- a coin. 



Fig. 5 — Ten days after opeiation 
SURGICAL 

The surgical treatment of this emergency is customarily carried out, 
when not contraindicated, soon after birth — within the first twelve 
hours. It has been videly observed that a newborn infant usually 
bears surgical procedures remarkably well if they are not too exten- 
sive or prolonged. 

Local anesthesia only should be used. 
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The skin margin should be dissected from the subjacent rectus 
sheath and transversalis fascia, being cai-eful not to tear or cut the 
sac wall, for there is danger of injuring a protruding viscus or per- 
mitting extrusion of the sac contents. The viscera are placed within 
the abdominal euAnty before opening the sac to eliminate v\nnecessary 
trauma, to pi'event e^dsceration and shock, and to obviate the possi- 
bility of infection. (See Fig. 4.) 

After reduction, the two umbilical arteries and the umbilical vein 
are ligated. 

One or two fingers are inserted into the opening by pressure from 
without the sac wall to maintain the viscera within the abdominal 
cavity. A continuous chromic suture. No. 1 or No. 2, on a Mayo 
needle is then inserted circumferentially to include the posterior rectus 
sheath and the transversalis fascia. This is then tied carefully so as 
not to impinge upon a loop of bowel or omentxxm. The anterior rectus 
sheaths are then approximated after excising the redundant part of 
the sac. In this manner it is not necessary to pass a suture through 
the neck of the sack which tears very easily. 

If there is any doxxbt of the feasibility of approximating the rectus 
sheaths with a chromic sxxture, black silk ixxay be used as a through- 
and-through stitch, iixcluding the skiix and the abdominal aponeurosis. 
(See Pig. 5.) 

COJIPLICATIOXS 

Respiratory enxbarrassxxxent may exxsue because of displacement of 
the diaphragm as a result of increased intra-abdominal tension. Cases 
of paralytic ileus have been reported from pressure on the intestine. 










A SHAEP DISSECTOR FOR ]\IENISCECT0]\1Y 

Captain Raymond E. Buirgk, Mkdical Corps, U. S. Army 

T he removal of a semihiiiar cartilage is a common procedure, yet it 
may still be a rallicr difflcnlt one in spite of tlie exposure provided 
by any incisioiP of choice. An additional posterior capsular incision-’ ^ 
is often useful in freeing the posterior attachment of the meniscus. 
Numerous instrument.s^*’- have been designed to lessen the difficulties 
attending the operation of meniscectomy. 

The use of an adequate single incision into tlie joint to accomplish 
the entire removal of the semilunar cartilage may be desired. Two 
instruments (Fig. 1) were devised to be used in excision of the medial 
semilunar cartilage through an anterior incision into the joint. 

A modified Jones incision is used in the sldn. The incision into the 
joint extends from a point, the leg hanging at a right angle, 0.5 cm. 
medial to the apical attachment of tlie ligamentum patellae obliquely 
domiward and posterior, dividing the fibrous fanlihe membrane of the 
tibial collateral ligament” and ending at the parallel fibers on a level 
ndth the coronary ligament. 

The cartilage is usually freed anteriorly with ease. The liberation 
of the central portion of the eai’tilage is begun by the delineation of 
the superior and inferior capsular reflections which are separately 
divided along the periphery of the cartilage by the broad sharp dis- 
sector. By means of traction tension on the cai’tilage, the areolar tis- 
sue binding the cartilage to the parallel ])ortion of the tibial collateral 
ligament is made taut and easily separated with the dissector. 

The oblique portion of the tibial collateral ligament is inseparably 
united to the joint capsule posteriorly and, accordingly, has been dem- 
onstrated^^ to be joined to the meniscus. The knee is hypei’flexed 
which allows the tibial collateral ligament to slide baclcward,^^ per- 
mitting easier access to the posterior capsular attachment of the car- 
tilage. The limited exposure can be further improved by adduction 
or abduction and rotation of the tibia on the femur combined with 
digital pressure on the posterior joint capsule. The narrow dissector 
is employed to divide the superior and inferior capsular folds and the 
fibrous tissue uniting the capsule and the fibrocartilage. The freed 
cartilage is dislocated into the intercondylar notch, and its posterior 
limb between the lateral meniscus and the posterior cruciate ligament 
is divided under direct vision with the broad dissector. 
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Those jiistrumcnts were found to he a satisfactory addition to the 
usual devices used to i-cniove the semilunar cartilage.’"' They are 
readily constructed®' from sharp pevio.steal elevators. 



Fig. 1. — Photograph of cartilage dissectors, a-1, 4/5 actual size; broad dissector. 
0-1, i/5 actual size ; narrow dissector. a-Z, side view, curved approximately 115 de- 
grees, b-S, curved approximately 130 degrees. a-S, enlarged 1 2/5 times, b-3, oblique 
view of concave cutting edge showing blunted outer margins, o-^ and b-i, end view 
enlarged 1 2/5 times. 
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Notices 


UBOLOGY AWARD 

The American Urolopcal Association otters an annuii] award “not to exceed 
.$500 for an essay (or cssay.s) on tlic re.sult of some specific clinical or laboratory 
researcli in urology, TIic amount of the prize is based on the merits of the work 
presented, and if the Committee on Scientific Rc.«earcli deems none of the offerings 
worthy, no award will be made. Competitors .shall bo limited to residents in urology 
in recognized hospitals and to urologists who have been in such specific practice 
for not more than five years. All interested should write the Secretarj", for full 
particulars. 

The selected essay (or essays) will .appear on the progr.am of the forthcoming 
June meeting of the American Urological Association. 

Essays must be in the hands of the secretary, Dr. Thomas D. Moore, 899 Madison 
Avenue, Memphis, Tenn., on or before March 15, 1945. 


AMERICAN COLLEGE OF SURGEONS EXPANDS GRADUATE 
TRAINING PROGRAM 

In expanding its program of Graduate Training in Surgery to assure adequate 
opportunities for advanced training in .surgery, particularly for recent medical 
graduates when they retuni from service with the Armed Forces, the American 
College of Surgeons has enlarged its headquarters staff in Chicago and announces 
the following new appointments effective immediately : 

Major General Charles E, Beynolds (M.C., Eetired), former Surgeon General 
of the V. 8. Army, has been appointed Consultant in Graduate Training in Surgery. 
General Bejuiolds was in the Army from 1900 to 1939; served in the Philippine 
Insurrection; was Chief .Surgeon of the Second Army, A.B.F., in World War I; 
was Commandant of the Army Field Service Medical School, Carlisle, Pa., from 
192.3 to 1931; and was Surgeon General of the Army from 1935 to 1939. He has 
been Director of the Tuberculosis Control Program of the Pennsylvania State Health 
Department for the past four years. 

Dr. George H. Miller, formerly Dean of the Faculty of Medicine and Chairman 
and Professor of the Department, American University of Beirut, Lebanon, Syria, 
lias been appointed Director of Educational Actirities. Dr, Miller served in the 
U. S. Army Medical Corps, A.B.F., in 1918 and 1919; was Associate Professor of 
Pharmacology^ and later Associate Professor of Medicine of the State University 
of Iowa College of Medicine between 1922 and 19.32; and was with the American 
University of Beirut from 1932 to 1944. 

The Department Of Graduate Training in Surgery is under the general direction 
of Dr. Malcolm T. MaeEachern, Chairman of the Administrative Board, working 
with that board, and responsible to the Committee on Graduate Training in Surgerj', 
of which Dr. Dallas B. Phemister of Chicago is chairman, and to the Board of 
Begents. In addition to General Beynolds and Dr. Miller, the staff’ of the depart- 
ment consists of Dr. Paul S. Ferguson, Director of Surveys, and throe assistants who 
conduct the surveys, and the field representatives conducting tlie rogukar Hospital 
Standardization surverj-s imdcr the direction of Dr. E. W. Williamson, Assistant 
Director of the College, who assist as required in the graduate training program. 
The latter is a development of the basic work of the college in stimulating the im- 
provement of hospital serrice. 
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Surveys of liospitals for Graduate training; in Surgery have been oonduefod since 
1937 by the college. Wlicn the war end.« in Europe, in order to satisfy the demands 
of men whoso training in surgery was interrupted by war service, together with 
those of current medical graduates, sutTicient opportunitie.s should bo ready in order 
to offer approved training to men who wish to become .«urgeon.s, Dr, MacEaclicrn 
declares, adding that a competent surgeon accordintr to present-day ideas requires a 
preparation of tliree or more ycar.s of systctnatic, supervised graduate training in 
general surgery or a surgical specialty, following a general internship and graduation 
from an acceptable medical school. 



Book Reviews 


Books Received 

The receipt of books is iicknoxdedpofl in tliis section and this treatment must be 
regarded as sudicient acknowledgement of the courtesy of the senders. Selcetions 
will be made for more extens-ive review ilietated by flic intere.st.s of our readers and 
as space permits. 

SUEGICAL .CLINICS OF NORTH AMERICA. Lahey Clinic Number. Cloth. 
Pp. 740, with 275 illu.strations. Philadelphia, 1944, W. B. Saunders Company. 

TEXTBOOK OP GYNECOLOGY. By Emil Novak, M.D., P.A.C.S. Cloth. 
Price $S. Pp. 70S, with 45G illustrations. Baltimore, 1944, lYilliaras & Wilkins 
Company. 

SURGICAL BISOHBERS OF THE CHEST. By 3. K. Bonaldson, Major Medical 
Corps. Cloth. Price .$0.50. Pp. .104, with 127 illustrations. Pluladelphia, 1944, 
Lea & Pebiger. 

HYPERTENSION ANB HYPERTENSIVE DISEASE. By Goldring and Chasis, 
New York University College of Medicine, Cloth. Price $3.50. Pp. 253. New 
York, 1944, Commonwealth Fund. 

X-BAT EXAMINATION OP THE STOMACH. By Predric E. Templeton, De- 
partment of Roentgenology, Tlie Cleveland Clinic. Cloth. Price $10. Pp. 516. 
Chicago, 1944, University of Chicago Press. 

THE AjBT OP ANESTHESIA. By Dr. Paluel J. Plagg, Visiting Anesthetist to 
Man]iattan*Eye and Ear Hospital. Cloth. Price $0. Pp, 506. Phila’delphia, 1944, 
J. B. Lippincott Company. 

A HANDBOOK OP ROENTGEN DIAGNOSIS OP THE GASTROINTESTINAL 
TRACT. By Fred Jenner Hodges, B.S., M.D., Professor of Roentgenology, Uni- 
versity of Michigan Medical School, Ann Arbor, Mich, Clotli. Price $5.50. Pp. 
320. Chicago, 1944, The Year Book Publishers,^ Inc. 

EMERGENCY SURGERY. By Hamilton Bailey, P.R.C.S., Surgeon, Royal North- 
ern Hospital, London. Cloth. Price $18. Pp. 969, with 1039 illustrations. Balti- 
more, 1944, Williams & BTlkins Company. 

CATARACT AND ANOMALIES OP THE LENS. By John G. Bellows, M.D., 
Ph.D., Assistant Professor of Ophthalmologj^ Northwestern University Medical 
School, Chicago. Cloth. Pp. 624, with 208 illustrations and 4 color plates, St, Louis, 
1944, The C. V. Mosby Co. 

CLINICAL UROLOGY, Vol. 1 and Vol. 2. By Oswald Swinney Lowsley, Director 
Department of Urologj- of the New York Hospital and Thomas Joseph Kirwin, 
Attending Surgeon of the Department of Urologj' of the New York Hospital. 
Cloth. Price $10 per set. Pp, 942 (Vol. 1) and pp. 1769 (Vol. 2). Baltimore, 
1944, Williams & Wilkins Company. 

METABOLISM MANUAL. By Jessie Lex, A SOP, R.T., M.T., President Illinois 
Society Clinical Laboratory- Technicians, Peoria, 111. Cloth. Pp. 56. Baltimore, 
1943, The Waverly Press. 

THE PLOW OP IVATER THROUGH THE KIDNEY. By Dr. Felix Fuchs. 
Cloth. Pp. 100. New York, 1944, Commonwealtli Fund. 
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GYNECOLOGY iVND GYNECOLOGIC NURSJKG. By Norman E. lliHer, JiI.I)., 
Professor of Obstetrics anti Gynecology, Universit}' of iMicliignn llcdical School. 
Cloth. Price $2.75. Pp. 37S, with 227 illustrations. Philadelphia, 3944, %V. B. 
Saunders Company. 

OPERATIONS OF GENERAL SURGERY. By Thomas G. Orr, M.B., Profes- 
sor of Surgery, University of Kansas, School of Medicine, Kansas City, Kan. 
Cloth. Pp. 723, with 1390 illustrations and 570 figures. Philadelphia, 1944, W. B. 
Saunders Company. 

STRUCTURE AND FUNCTION AS SEEN IN THE FOOT. By Frederic 
Wood Jones, D.Sc., Profe.«sor of Anatomy, Univcr.sity of Manchester. Cloth. Price 
$7.50. Pp. 329. Baltimore, 1944, IVilliams A IVilkins Company. 

THE RADIOLOGY OF BONES AND JOINTS. By James F. Brail.sford, M.D., 
Pli.D., Hunterian Professor Royal College of Surgeon.s, England. Cloth. Price $12. 
Pp. 440, with 404 illustrations. Baltimore, 1944, IVilliams & Wilkins Company. 

ORTHOPAEDIC SURGERY. By IValtcr Mercer, M.B., Assistant Surgeon, Roral 
Infirmary, Edinburgh. Cloth. Price $12. Pp, 947. Baltimore, 3943, IVilliams & 
Wilkins Compan)'. 

DISEASES OF THE DIGESTIVE SYSTExM. By Sidney A. Portis, Associate 
Professor of Medicine, University of Illinois Medical School. Cloth. Pp. 932, with 
182 illustrations. Philadelphia, 1944, Lea & Febiger. 

PRINCIPLES ANT) PRACTICE OF SURGERY. By W. Wayne Babcock, M.D., 
Philadelphia General Hospital, Philadelphia. Cloth. Pp. 1331, with 1141 illustra- 
tions and 8 colored illustration.®. Philadelphia. 1944, Lea & Febiger. 
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